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ABSTRACT

CRITICAL THINKING - PROBLEM SOLVING
A UNIFIED FRAMEWORK FOR TEACHING A PROCESS APPROACH

MAY 1991

ABBY SARITA GIBER BELMONT,
B.A.,

UNIVERSITY OF CONNECTICUT

M.A.,

UNIVERSITY OF MASSACHUSETTS

Ed.D.,

UNIVERSITY OF MASSACHUSETTS

Directed by:

Professor Klaus Schultz

This dissertation presents a unified framework to
teach critical thinking and problem solving in a sixth
grade computer classroom.
framework,

In the context of this

problem solving is viewed as a critical

thinking skill that also incorporates application of
other critical thinking skills.
Through a review of literature of critical
thinking,

problem solving, writing,

Logo,

simulations,

and other related areas of study, we derive
instructional principles important to consider when
formulating a pedagogy to teach critical
thinking/problem solving in a 6th grade computer
classroom.

We then present a rationale for a unified

framework to teach critical thinking/problem solving

vi

and describe the said framework,
((to))

titled,

TACTICS (Tools

Assimilate Critical Thinking in Classroom

Subjects).
A process approach is advocated that

includes an

emphasis on the development of metacognition and an
inquisitive spirit,

the application of a general

problem solving approach,
heuristics.

and the use of specific

Through conscious use of critical thinking

skills when applying problem solving strategies,
students can learn to strengthen critical thinking and
problem solving skills and come to see how the same
general skills are used in a variety of circumstances.
Eight

instructional principles are suggested to teach

critical thinking skills and to promote their
generalization to other subject areas.

These are

supported by four problem solving tools designed to aid
students in connecting their problem solving
experiences
areas.

in one area to their work in other subject

These tools are:

Problem Solving Approach,

Polya Four-Step General
The Heuristic Bank,

Student

and Teacher-Made Reference Manuals and Students'
Journals.

A curriculum resource book is included that

demonstrates how the use of the TACTICS model can build
critical thinking and problem solving skills when
studying Logo,
simulation.

when writing or when using a

Included are examples of curriculum units

vii

and instructions for teachers to design their own
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PREFACE

The proposed theoretical framework and curriculum
is the product of my own doctoral research as well as
the distillation of 10 years'
teacher

experience as a classroom

(as well as a teacher of computer applications)

addressing issues of critical thinking and problem
solving.

During this 10-year period I was teaching

children to solve problems and to apply knowledge to
new situations by active thinking and to use concepts
of problem solving and critical thinking as they
learned matematics,

social sciences,

writing and programming in Logo.

sciences,

reading,

Through offering

teacher training in-service workshops I gained
experience and understanding of what was lacking in
available curricula.

My doctoral studies,

my

understanding of the research literature and my
teaching experience have helped to develop this
dissertation.

xiii

CHAPTER

ONE

STATEMENT OF THE PROBLEM AND ITS SIGNIFICANCE
A NEED FOR A UNIFIED FRAMEWORK TO TEACH
CRITICAL THINKING AND PROBLEM SOLVING

Introduction

Critical Thinking is an education ideal.
It is not an option.
Students have a
moral right to be taught how to think
critically.
(Norris, 1985, P.44)
(The scores on the results of the National
Assessment of Educational Progress Test of
1979) revealed that students of all ages
were strongest in their knowledge of facts
and weakest in their ability to apply what
they knew.
(Hough, p. 1, 1979)

In a rapidly changing technological world,
critical thinking skills are essential for
understanding the world and for participating in
shaping it to become the best it can be.

Though

leaders in the field of education have been stresssing
the

importance of students attaining critical thinking

skills
1983;
need.

(Beyer,
Paul,

1988;

1984),

For example,

Lipman,

Derry,

1988;

Ennis,

few schools have adequately met this
with respect to classroom stress on

critical thinking skills,
absence of a)

1989;

there

is too frequently an

explicit goals relating to critical

thinking skills,

b)

effective curriculum and,

1

finally.

c)

adequately focused teacher training.

There are few

curricula available that specifically aim to help
students use what they have

learned about thinking

critically in one subject area when working in other
subject areas.
These concerns are the focus of this dissertation.
We will address the need for a unified framework, which
is a point of view that can be routinely applied by
teachers to restructure subject area curriculum to
emphasize the critical thinking and problem solving
features.

It is unified because the same emphasis on

problem solving can transcend subject areas.

By

evaluating research in critical thinking and problem
solving,

and taking into account research on writing,

Logo and simulations,

we will develop such a

theoretical framework for teaching students critical
thinking skills as they solve problems.
theory with practice,

By coupling

we will then develop a curriculum

that demonstrates how to use this framework to embed
instruction in critical thinking while teaching subject
matter.

In this curriculum the process of problem

solving will be used as a means of teaching critical
thinking skills.

We will advocate an emphasis on

teaching students to think consciously,

through the use

of specific strategies that can be applied to work in

2

different subject areas.

A sixth grade computer

classroom will be used as a model.

Goals of the Dissertation

Specifically,

the goal of the dissertation is to

develop a pedagogy and curriculum for incorporating
instruction in critical thinking and problem solving in
a sixth grade computer classroom.

This is reflected in

the following sub-goals:

1.

To provide a theoretical framework for teaching 6th
grade students critical thinking skills within the
context of solving problems in a computer
classroom.

2.

To develop a methodology that stresses conscious
thinking through use of tools.

3.

To couple theory with practice to produce a
curriculum resource book that demonstrates how to
embed instruction in critical thinking when
teaching current curriculum.

4.

To provide principles in the form of a unified
framework for teachers to restructure current
curriculum so as to embed instruction in critical
thinking and problem solving while teaching
content.
Background

The Relationship Between Critical Thinking
and Problem Solving

A critical thinker is one who can infer,
and synthesize

evaluate,

information in a variety of settings.

3

and has the disposition to reason.

S/he has the

capacity to question his/her own thinking.
(1979)

indicates, when solving a problem,

As Hough
a problem

solver is called upon to process information and make
decisions based on selection.

S/he

is seeking a

solution path to achieve a desired end.
of solving a problem,

In the process

a critical thinker would use

skills such as analysis,

inference and synthesis,

he/she actively processes information,
his/her own thinking,

as

questions

and makes decisions as to what

course to follow.
The term,

critical thinking,

serves as a general

umbrella for the many skills that are used when
thinking through an idea,
subject.

Sunburst,

development firm,)

solving,

gives the following examples of

inferring,

etc.

or study of a

(an award-winning software

critical thinking skills:
evaluating,

a problem,

In the

analyzing,

forecasting,

synthesizing,
predicting,

problem

literature on critical thinking,

problem solving is often included as one of many
thinking skills.

Conversely,

problem solving session,

it

also note that in a

is the application of

critical thinking skills that supports the solver
through the process of solving a problem.
In the field,

there

is ambiguity as to how

critical thinking and problem solving relate to each

4

other.

In the course of this dissertation,

we will

argue that problem solving is a primary critical
thinking skill which also incorporates the use of other
critical thinking skills.

This is one way to view the

relationship between critical thinking and problem
solving,

but not the only way.

During most problem

solving sessions several critical thinking skills are
used.

For example,

in order to define a problem,

critical thinking skills of analyzing,
defining

the

questioning and

(classifying/determining scope)

are employed

as the problem solver attempts to understand the
problem by determining the domain of the problem,
the specific questions that must be answered.

and

Analysis

is a frequently used critical thinking skill when parts
of a problem must be distinguished,

and synthesis when

the parts of a problem must be related to the whole
question.

Critical thinking is intregal to the process

of solving problems.
In the curriculum we will suggest strategies that
exercise the critical thinking skills mentioned above
and provide some examples of how critical thinking
skills can be used successfully in different subject
areas to solve problems.

5

Focus of the Critical Thinking/Problem Solving
Teaching Framework and Curriculum

The

orientation of the

dissertation
skills

is to teach specific

in the

end goal

approach advocated

critical thinking

course of teaching problem solving.

is not only to become

but

to become

use

critical

contexts.

in this

an active
thinking

The

a better problem solver

thinker who can appropriately

skills

in a broad range of

This goal can be met by providing students

with a classroom atmosphere which

is conducive to

thinking and by teaching students to apply specific
strategies that

Rationale

are

for Use

designed to exercise

solve

a problem can greatly

effectiveness
Lochhead,

often serve

Halpern,

as an aid to

overload of short

(metacognitive)
contribute
1978).

to

1984).

These

strategies

In addition,

some

in turn can greatly

in solving a problem

Examples of metacognitive

having the

1988;

of self—reflective

skills which

success

(Derry,

focus thinking and avoid

term memory.

strategies require use

strategies as tools

increase his/her

as a problem solver

1981a;

skills.

of Strategies

Teaching a student how to use
to

these

(Brown,

skills are:

a)

ability to consciously decide which action

6

to take,

b)

differentiating between productive and

unproductive
the

solution paths,

c)

when appropriate having

awareness of knowing what works best

and d)

reevaluting and reviewing the

for oneself,

problem solving

process.
While

critical

thinking skills underlie

a problem,

solve

children to

learn how to think about their problem

The

teacher must

manner the
Teaching

since

abstract thinking

find a way to present

concept

For example,

the

strategies

for

is

involved.

in a concrete

of self-reflection and

students to use

making concrete

is difficult

steps

required to

solving processes

it

the

its value.

is one way of

abstract act of self-reflection.

students might be

asked to determine which

problem solving strategies work best

for them and to

ascertain when they

to use

Students may

find

generally choose

it too difficult to answer

questions unless they are worded
way.

Examples might be:

you solve

What did you do

What did you do;

what do you plan to do?
When?

what

Would you use

Students can be

taught

these

concrete
that helped

the

How did you decide what

did you do this?

again?

in a more

the problem? What do we call

that you used?

them.

strategy

to do,
are

or why

you doing;

this strategy
to use

questioning techniques to clarify their own thinking.
Specific

strategies can be taught that

7

focus the

students'

own questioning processes.

instructor
exercise

the

is aiding them in a concrete manner to

self-reflective

Lochhead,

In this way,

1980

thinkers."

)

thinking skills

and thus become

(Smith,

(Whimbey and

"self-generating

1974)

"Process" and Problem. Solving
The word
context

and

"compass"

"process"

indicates

the

problem.

can free

the

the

thinker

to

the

other

is clear thinking about

focus on the current

short

term memory overload,

This

This can be

research suggests that

overload often results
proceeding

remembered

they have now embedded these

facts within a context.
current

in turn can

and help students

information that they may not have
In this way,

short

in students

ineffectually.

important because
term memory

freezing or

(Salomon and Perkins,

There have been many such compasses used
different
logic

disciplines.

is one

example

aspect of

rather than being diverted by

features of the problem.

otherwise.

in

Following a stated sequence of actions

problem under view,

access

as a

providing a clear direction

end goal

the

prevent

it provides a

steps that can serve

for a thinker,

which to proceed;

is used because

Traditional

1988)

in

instruction

in

of such a compass when teaching

8

Philosophy.

In writing,

focusing on different phases

of the writing process

serves as a compass.

(Graves,

1983)

George

a

the

In mathematics,

Polya

field of problem solving,

four

step model and specific

solving.

We

adapt

(1981),

leader

in

stresses the use of a
strategies

this model to

serve

for problem
as a focal point

for teaching critical thinking through problem solving.

Optimizing
Framework:

Instruction Through Using a Unified
Commonality of Problem Solving Across
Subject Areas

A crucial question for establishing a unified
framework

is whether critical thinking skills can be

transferred across

subjects.

define

a problem

define

a problem when programming

also

ask what

subject
critical
to

in social

For

studies,

will

if you can

this help you

in Logo?

One might

skills are needed regardless of the

area.

Research findings and

literature on

thinking and problem solving offer principles

follow when teaching these

controversial,
critical

instance,

some

of the

areas.

literature

thinking skills may be

certain practices are
enumerates

important

teach critical

followed.

Though
does suggest

generalizable
The

that

if

literature

also

instructional principles needed to

thinking

strategies as aids
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in problem

solving.

These principles

of terms,

(Sokoloff,

approach,

(Polya,

(3)

1984b)

1981;

(2)

Flavell,

consistent
(Derry,

1976;

Suydam;

Paul,

1980;

1984),

strategies practiced

1989;

Sokoloff,

1984b;

research findings suggest

approach that
is used
learn to

consistent use

Halpern,

1984)

(Swartz

and Perkins,

and

use

(4)

of

in different contexts.
Barbieri,

that an

incorporates these

in different

(1)

teaching a general

an emphasis on self reflection

1989;

The

include

1988/89a&b)

instructional

four elements and that

settings can help students to

apply newly gained skills more broadly,

thereby maximize

exposure

and

to critical thinking

concepts.
This dissertation
that

generalization

is predicated on the premise

is possible.

Based on suggestions

from educators exploring the principles behind
successful
(Derry,
Perkins,

generalization of critical thinking skills

1989;
1989;

Perkins and Salomon,
Sokoloff,

research findings,
unified

1984b;

1988;

Swartz

Williams,

and our own experience,

framework for teaching critical

and

1984),
it offers a

thinking.

Examples of Commonalities

Clues

to effective

instruction to promote

generalization of skills can also be

10

gained by

looking

at a broad range of problems.

When one examines the

kinds of problems solved in various subject areas
literature,

math,

social sciences,

common threads are apparent.

sciences,

(i.e.

etc.),

Whereas specific content

may preclude some strategies and highlight others,
there are some strategies common to the subject areas.
These similar strategies are often the ones that help
the solver to better understand the problem,
which course to take,
taken.

decide

and to reflect upon actions

These general processes can be beneficial

in

solving any problem where there is no immediately
apparent solution.
Thus,

for example,

define the subject,
to discuss,
task,

one might seek to

decide which elements are important

and then plan how to go about the writing

including the method or sequencing of the

different

ideas or elements.

discipline,

Regardless of the

when confronting a problem,

to view relationships,
goal.

in writing,

a student needs

and decide how to reach his/her

A student must define the problem,

or determine

the domain of the problem and the elements involved,
decide what needs to be accomplished,
questioned or researched,

learned,

develop a plan,

and determine

and utilise criteria for completion of the project.
all these cases,

In

the student must decide what resources

can be most helpful

in his/her endeavor.
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The following are some strategies and critical
thinking skills that are often helpful in this process.

1.

Defining the problem by nutshelling (i.e., stating
the problem "in a nutshell"), or trying to express
the nature of the problem in a few words.
(Critical thinking skill: defining)

2.

Breaking the problem into parts or elements.
(Critical thinking skill: analyzing)

3.

Seeing how the parts fit together in a sequence or
relationship.
(Critical thinking skill:
synthesizing)

4.

Developing criteria for completion of the problem
or study. (Critical thinking skills: defining,
analyzing and evaluating)

It

is apparent that similar techniques can be useful

in

handling different tasks in different subject areas.
It

is possible to suggest the use of specific

strategies during particular phases of the problem
solving process.

Experts in the field of problem

solving often look at the process of solving a problem
in terms of three phases:
evaluation

(Halpern,

preparation,

1984).

production,

and

Regardless of context,

similar strategies are often used during a specific
phase.

For example,

might brainstorm,

in the preparation phase,

one

make a list of what is known and

unknown about the problem,
problem in several ways,
one might sequence,

attempt to define the

etc.

In the production phase,

use questioning as a tool,

refer to a list that keeps one on track.
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and

During the

evaluation phase,
to determine

one might refer to a list of criteria

if the problem is solved,

questions that help one reflect on the
process.

and a list of
learning

In Chapter Three of the dissertation we will

propose the use of specific strategies which have been
demonstrated to work well with Logo, when writing or
when using simulations.

Types of Problems Considered

For the purpose of this dissertation,

then,

we

have used the term problem solving to refer to the
procedure used for any problem in any subject area.
be specific,

To

we are mostly concentrating on the

problems that one confronts as one studies a subject,
rather than problems specifically assigned for the sake
of solving a problem in a given area.
aspects are related and overlap,
identical.

While these two

they are not

There are times when a teacher approaches

the teaching of a subject through assigning specific
problems to help students better understand the
subject.

There

this approach

is controversy over the productivity of

(Sweller,

in the next chapter.

1988).

This will be described

There are other times when

students naturally confront problems that need solving
as they study a subject.

We believe some sets of

13

skills and training will work for both.

It is not the

purpose of this dissertation to ascertain whether
problems should be assigned.

What we are focusing on

is the critical thinking skills involved in the problem
solving process,

and the strategies that give students

the opportunity to exercise and learn these skills.
The same techniques are often used across disciplines.
The ability to use these general techniques is the
element that students can be taught to apply in new
situations.

It is this premise of commonality in the

study of different subject areas that inspired our
investigation of the efficacy of a unified framework.
Problems exist not only in the classroom,

but they

are part of each individual's life, whether it be
balancing a budget,
parking space,

getting the car fixed,

maintaining a lawn,

family or among friends,

etc.

finding a

keeping harmony in a

Evidence suggests that

students who are well versed in using critical thinking
skills and problem solving strategies are more apt to
apply these skills and strategies in new contexts as
they mature.

It

is important to teach teachers to

impart to children the means to solve problems by
incorporating instruction in critical thinking/problem
solving in all subject areas.

The key is to embed

within any activity an emphasis on using thinking tools
(strategies)

to think more deeply.
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In the review of

literature on critical thinking and problem solving, we
look at some teaching methods that have proven to
be effective,
along these

and at what needs to be further developed

lines.

Computer Classroom as a Model

For the purpose of this dissertation,

we will use

the computer classroom as a model for infusing critical
thinking skills into the curriculum.

We will describe

how students can learn to use critical thinking skills
to accomplish a task when writing with a word
processor,

programming in Logo or using science or

social studies computer simulations.

Problem solving

strategies are the vehicles that connect work in these
different areas and in fact can be applied to a wide
range of uses.

The experience of using strategies

across subject areas in the computer classroom lays the
foundation for their use

in the regular classroom and

can be a factor in students advancing their studies
there.

Though it

is also our thesis that they can be

used in many if not all subject areas,

in the

curriculum we will focus on examples of lessons for a
sixth grade computer classroom and guidelines for
teachers to

include

instruction in critical thinking
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through use of strategies and the creation of an
atmosphere conducive to problem solving.

Statement of the Problem

We must return to basics.
But the basics of
the 21st century are not only reading, writing,
and arithmetic. They include the thinking tools
that allow us to understand the technological
world around us.
(Educating Americans of the
21st Century, as cited in Collison, p. 12)
As the future brings increasingly more complex
problems,

the ability to think critically will be even

more crucial.
that do

We must develop instructional approaches

indeed teach the critical thinking skills

needed to approach current problems and the problems of
the future.
The need for development of material for teaching
critical thinking and problem solving is the general
area of the problem addressed in this dissertation.
The specific aim is to develop a framework to teach
problem solving and critical thinking in such a way
that stresses application of general thinking
strategies in different subject areas.

To do this,

a

unified framework for teaching critical thinking and
problem solving will be developed.
A secondary aim is to make available the said
framework for teacher usage through the creation of a
curriculum.

We will focus on developing a prototype of
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a computer curriculum in the sixth grade that builds a
bridge between the

learning of critical thinking and

problem solving skills in Logo, writing (with a
wordprocessor)

and when using simulations.

The purpose

of the curriculum resource book would be to describe
the unified framework and its implementation,

provide

prototypes of curriculum activities that can be used in
sixth grade computer classrooms,

and provide tools for

the teacher to remodel current curriculum.

There

is

currently no published curriculum that does this.

Significance

In a nutshell,

the unified framework and

curriculum is designed:

1.

To provide a unifying thread for instruction in
critical thinking and problem solving in the
computer classroom which can be used in the study
of different disciplines.

2.

To provide a structure to aid students in
consciously choosing and using problem solving
strategies effectively, regardless of context.

This approach is significant as available critical
thinking and problem solving curriculum does not
attempt to help students link their experiences when
working with different pieces of software.
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DeliminationB

In the general area of critical thinking and
problem solving there are many questions that have been
raised.

We are

limiting ourselves to developing a

framework for teaching 6th grade students in a computer
classroom.

While we believe that the above framework

can be adapted for any grade
of disciplines,
because

level,

and for a variety

we will not make claims regarding this,

it has not been piloted elsewhere.

There

is controversy over the way problem solving

should be approached.

Sweller

(1988)

argues that the

assigning of specific problems to study a subject
counter productive.
argument

is

We will not take this type of

into consideration as we are

looking at the

problem solving process rather than evaluating the
efficacy of assigning problems.
This dissertation is not meant to be a statistical
study,

but rather a presentation of a program to teach

critical thinking and problem solving,
is based on the research literature
our experience.
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a program which

in the field and on

Organization of the

Dissertation and Content of the

Study
The dissertation will be divided into five
chapters.

The first three chapters will provide the

theoretical foundation for the curriculum resource book
in Appendix A.

The first chapter provides an

introduction and overview of the topic and discuss
considerations important to the study.
the problem,

its significance,

the study will be given.

A statement of

and a delimitation of

The second chapter will

provide a discussion of the research literature on
critical thinking and problem solving.

This chapter

will cover key elements to consider when creating a
critical thinking and problem solving curriculum.
Assumptions and premises underlying the study will be
outlined along with a synthesis of instructional
principles appropriate for teaching critical thinking
and problem solving.
foundation,

Using Chapter Two as a

the third chapter will describe the

methodology of the study and present a theoretical
basis for a unified framework for teaching critical
thinking and problem solving.

Since the framework and

curriculum will be designed for use
classroom,

in a computer

relevant research in the areas of Logo,

writing and wordprocessing and use of simulations will
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be discussed in terms of using a problem solving
approach.

Similarities and differences in the problem

solving process in these areas will be discussed.

The

unified framework will then be described and its
application discussed.
In order to demonstrate how this framework can be
used,

we will create a curriculum resource book for 6th

grade computer teachers

(Appendix A).

It will provide

guidelines for implementation and curriculum examples.
Chapter Four will contain a short description of the
curriculum resource book which is contained in Appendix
A.

It will be divided into seven units.

The first

three units will give a thorough introduction,

guide

the reader in how to use the book effectively,

briefly

relate relevant research to use of the framework,
describe general instructional principles,
guidance

in how to

and give

implement the framework and remodel

curriculum.
Units 4-7 of the resource book will be prototypes
of instructional units that can be used in the
classroom.

Unit 4 will establish effective use of the

framework and will provide the foundation for its use
in different subject areas.

The

last three units will

give specific curriculum examples in the areas of Logo,
writing and use of simulations.
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At the end of Appendix A,
resource book,

after the curriculum

we will also discuss our experiences

when informally piloting earlier prototype versions of
the curriculum.

Reflections on these pilot studies

will contribute to the development of the curriculum
that will be presented in this dissertation.

Chapter

Five of the dissertation will include a discussion of
possible future research directions and a conclusion to
the study.

The following is an outline of the dissertation:

I.

II.

Statement of problem and related areas
A.

Introduction,

background and overview

B.

Goals of the dissertation

C.

Statement of the problem and its significance

D.

Delimitation of the problem

E.

Organization of the study

Review and discussion of related literature and
research
A.

Critical thinking
1.

Overview and research

2.

Instructional programs and instructional
principles

B.

Generalization of critical thinking skills

C.

Problem solving
1.

Overview and research literature
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a.

The process of problem solving

b.

The

relationship between critical

thinking and problem solving skills.
2.

Instructional principles

3.

Assumptions and premises of the

study and

curriculum

III. Methodology of the

study and theoretical basis

for a unified framework and curriculum
A.

Introduction

B.

Methodology of the

C.

Theoretical
1.

study

framework

Rationale

and development of criteria

for a

unified framework
2.

Considerations when developing a unified
framework to work with subject
Logo,

writing,

on research
3.

areas as

and using simulations

(based

literature)

Description of unified framework and

its

application
IV.

Introduction to

the curriculum resource book

V.

Final

VI.

Appendix A and B which contain the

conclusions and future

resource book.
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research direction
curriculum

CHAPTER

TWO

CRITICAL THINKING AND PROBLEM SOLVING:
LITERATURE,

DISCUSSION,

REVIEW OF

AND METHODOLOGY OF STUDY

In developing a program to teach critical
skills when solving a problem,
develop a pedagogy that
on critical
also

be

that

effective.

literature

is

grounded

thinking as well

imperative

principles

is

it

important
in the

literature

to consider the

each discipline under

importance

key elements

program,

describe

focus claims to

thinking

of teaching critical

instructional programs,

of problem solving derive

subjects under

of

of
the

We will
thinking,

cull

focus—Logo,

Relevant

included

which will

of a theoretical

curriculum development

research on the

writing as a process,

simulations—will be

development

literature

instructional practices

effective.

dissertation,

from the

thinking

and through this and a review of the

to be

in

to consider when formulating a

research pointers on generalizing critical

use

is

In this chapter a review of the

describe

believed

It

instructional

education and problem solving are presented.

skills,

to

as problem solving.

and a discussion of critical

discuss the

thinking

in Chapter Three

focus on the

framework and criteria

in a sixth grade

classroom.
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and

computer

for

Because of the complexity of the
dissertation and

topic of this

its many related fields,

developed a general

review of related

research and divided
Critical Thinking,

it

into

we have

literature

four sections:

and

Overview of

Instructional Practices,

Generalization of Critical Thinking Skills,

and Problem

Solving.

two

The Overview will be divided

sub-sections:

Critical Thinking

Elements of Critical Thinking.
Thinking

in Education,

critical

thinking

into

in Education,
The

will provide

first.

Critical

an overview of

including a discussion of the

necessity and benefits of teaching critical
skills.

The

looks

elements that

at

second.

are

important to consider when

teach critical

classification and sequence

of skills,

thinking,
the

metacognition and the effects of attitude
sections on

while
of

The

section on

an overview of problem

instructional principles.

discuss how to

and context.

instructional practices

in the unified framework.

problem solving will provide
solving and

role of

thinking skills will provide

foundation for developing

to be used

i.e.,

instructional practices and

generalization of critical
the

thinking

Elements of Critical Thinking,

developing a program to

The

and

It will

strengthen critical thinking

teaching problem solving and provide

instructional principles outlined
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in the

also

skills
a synthesis
critical

thinking and problem solving sections.

Section 5

covers the methodology of the study.

Section 1:
Overview of Critical Thinking

The field of critical thinking is vibrant and fast
moving—questions and controversies abound.
1985)

Indeed,

the

issue of teaching children to think,

to develop critical thinking skills,
a recent ABC Special News Report
May 24,

1989;

(Norris,

was the subject of

(Burning Questions,

Barbara Walters Commentator).

Educators,

parents and employers are concerned that our nation's
youth lack the thinking skills critical to our changing
world.

There

is clear evidence that instruction in

critical thinking can have
ability to think clearly.
Ennis,

1983;

impact on a student's
(Beyer,

1988;

Lipman,

Paul,

1984;

Swartz and Perkins,

Whimbey & Lochhead

1980;

Polya,

Clements,

1985;

Norris,

1989;

1981;

Halpern,

1989;

Papert,
1984)

1988;

1980;
Yet,

there are many unanswered questions and conflicting
opinions on the process of critical thinking and which
instructional practices are most effective.
1989)

The

(Ennis,

long range

1985a)

(Lipman,

impact of instruction is unknown.

There are no standard practices,

standard taxonomy of terms.
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There

is a lack of

nor a

adequate texts across grade areas and the tests that
are available do not measure all skills.

The field is

relatively new and its parameters underdefined.

An

accepted developmental skill sequence has not been
established.

There

is one certainty:

instructional

practices must be developed that will help students to
improve their ability to think critically.
1988;

Paul,

1984;

O'Reilly,

1984)

(Beyer,

Robert Ennis,

leader in the field of critical thinking,

a

gives the

following definition of critical thinking.

"Critical

thinking is reflective and reasonable thinking that
focused on deciding what to believe or do".
1985a)

This

reflection.
role

which

not on

In order for students to take an active

in forming the world they are

shaping their
essential.

(Ennis,

is in contrast to passive thinking,

we define as rote or based on reaction,

is

individual lives,

living in,

and

active thinking is

Faced with problems in everyday life,

onslaught of persuasion from the media,

the

and the

necessity to grasp large amounts of information and
solve problems in an ever changing world,
support

in becoming strong thinkers.

this support through deliberate

students need

Schools can offer

instruction in teaching

critical thinking skills.
Educators differ in their instructional approach.
Some believe that the teaching of critical thinking
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skills should be a separate subject area,
argue that

it

while others

is important to embed such instruction

within already existing curriculum.

We will explore

this later in the chapter.

Critical Thinking in Education

Lack Of

Critical Thinking Skills Is Widespread

The National Assessment of Educational Progress
Report emphasizes the root of the problem:
not developing students'
the ability to
superficial
Progress,

adequate thinking skills or

interpret what is read beyond a

level."

1981,

"Schools are

(National Assessment of Educational

cited by O'Reilly,

1984,

p.3)

This

inadequacy can have a deleterious effect on our society
unless it

is remedied.

claims that

A recent follow-up report

inadequate advancement has occurred since

the ground breaking NAEP Report of 1981.
is still
today,

inadequate.

O'Reilly points out:

citizens face complex political,

economic questions.
thinking,

Instruction
"In the U.S.

social and

These questions demand clear

for students need to evaluate various

arguments and decide for themselves what they think.
(O'Reilly,

1984,

p.5)

Repeated research efforts have demonstrated the
lack of critical thinking skills in our general
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population.

These studies have looked at abilities of

both children and adults.

The findings reflect a

serious void in our education system.

In one study,

50/6 of the college students tested had reasoning skille
scores that one would expect from a sixth grader.
(Norris,

1985).

Knowledge:

Halpern,

(1984)

author of Thought and

an Introduction to Critical Thinking,

reminds us that psychologists have found that only 25%
of first year college students possessed the skills
needed for formal

logical thought, which is used in

critical thinking.

(McKinnon and Renner,

in Halpern,

This should serve as a danger signal

1984)

for our society,

1971,

as cited

for we are constantly confronting

problems that require critical thought.

Educators'

Response to the Need to Teach

Critical Thinking

Throughout history an emphasis on teaching
thinking has periodically re-emerged.
amoung other writers in ancient Greece,

Aristotle,
and the

Talmudic scholars of old followed different customs
that prescribed pre-established methodologies to teach
critical thinking skills.

It is only in the

last

thirty years that we see a leap in understanding of how
people think.

These new discoveries have shed light on
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how to teach people to think more critically.
& Lochhead,

1980)

(Whimbey

For many years the general belief

was that student emulation of teacher behavior and
studying textbooks were the ways that students were
best taught to think critically.
is not the case.

(Halpern,

1984)

This

Research has found that students and

teachers can benefit from instruction in using specific
thinking techniques.
and Lowery,
1988)

1989;

(Swartz and Perkins,

Whimbey and Lochhead,

1989;

1980;

Costa

Lipman,

Examples of such techniques are verbalizing

one's thoughts and labeling critical thinking skills as
they are used.

Other examples of techniques found

successful will be given in the section on
instructional practices.
Even when a program is in place,
the program must be a consideration.

the duration of
Too often,

there

is inadequate time allotted for well-planned quality
instruction.

(Costa and Lowery,

1989)

After reviewing

a survey of popular critical thinking curricula,
and Lowery

(1989)

come to the conclusion that two to

three hours a week is needed to permanently
students'

Costa

critical thinking abilities,

influence

though this may

vary with the type of program and age of students.
Furthermore,

this must be maintained for at

least two

years to ensure true assimilation of these skills.
schools offer this type of consistency.
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In our

Few

teaching experience,

we have found consistency and

frequency of instruction key to students'

developing

the habit of thinking critically.
Teacher training is an important component in
establishing effective
to our schools.

instruction in critical thinking

More and more,

key educational

organizations advocate a required critical thinking
course for pre-service and veteran teachers.
(Benderson,

1984)

Recently,

a fifty state survey of

State Departments of Education was done by the American
Federation of Teachers in which 27 of the 28 states who
responded

(response rate 56%),

stated that they are

taking steps towards including the

instruction of

critical thinking in curriculum and teacher education.
(Collison,

1988) Unfortunately,

almost half

(44%)

of

the state departments of education did not respond to
the survey.

This might suggest that

instruction in

critical thinking may not have high priority in all
school systems.

However,

many experimental programs are

being initiated in schools.
support,

Some receive state

others are grassroot projects.

California,

Vermont,

Such states as

and Alabama are emphasizing

teaching critical thinking skills from elementary
school through college.

(Benderson,

1984)

Several

teacher training programs run parallel programs in
schools.

(Paul,

1984;

Swartz 1986)
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Elements of Critical Thinking Instruction

When considering effective
thinking,

it

is important to discuss the role of

metacognition,
skills,

instruction in critical

classification of critical thinking

sequence of skills,

context and attitude.

and considerations of

As these elements must be taken

in account in the formulation of the curriculum,

they

will be addressed in this sub-section.

The Role of Metacognition

Definitions

Terminology describing thinking skills is diverse.
Thinking skills are often divided into two realms,
cognitive or nonexecutive and metacognitive or
executive.

Cognitive skills are used in daily tasks.

Teachers spend most of their time teaching cognitive
skills.

Metacognitive skills are used in directing

the progress of the cognitive skills.

They are used in

planning and reevaluating one s thinking and in the
execution of cognitive tasks.
Perkins,

1989

1985;

Swartz and

) Halpern defines metacognition as

we know about what we know,
language,

(Norris,

or,

in more formal

our knowledge about knowledge.

most people have

"what

It seems that

little awareness of the nature or even
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the

existence

their

of the thinking processes that underlie

judgements,

beliefs,

about complex

issues."

metacognitive

skills can

Sophisticated use

inferences,

(Halpern,

1984,

and conclusions
p.

15)

Yet,

improve performance.

of metacognitive

skills can have

effect

on a task such as reading comprehension.

1978)

These

skills are

such as shopping.
The

argument

also needed

(Paul,
is

an

(Brown,

in everyday tasks

1984)

summarized by Halpern

In order to develop basic

in this way:

thinking skills,

it

is

necessary to direct your attention to the processes and
products of your own thoughts.
consciously
the habit

aware

you've made,
or

the

of the way you think and to develop

of examining the

processes-the

the

inference
you've

to become mindful
(Halpern,
the

end products of your thought

solution you've

judgement

1984,

You need to become

or

p.17)

arrived at,

that you believe

formulated.

aware

to be

In short,

true,

you need

of how and what you think.

More

specifically,

ability to consciously reflect on the

validity of one's

the decision

we

see

it

as

direction and

thoughts.

Metamemory

Metamemory
important

to

is an aspect of metacognition that

any student.

The
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term refers

to the

is

process of direct
one

reflection on one's thinking and

s thinking habit

^kility

and subsequent

includes the

actions.

awareness of one

patterns and their effectiveness and
also
one

includes the
s memory.

metamemory

The need

is crucial

decision making,
the

ability to

This

s thinking
limitations.

It

get what one needs from

in our

if the

society to develop

goal

is

for conscious

policy making and problem solving by

general populace.
Halpern

(1984)

argues that much of the

between good and poor
metamemory.
cited

learners might be

Along these

in Halpern

1984)

lines,

attributed to

Bransford

points out

difference

(1979,

as

that:

..."Effective learners know themselves that they
need to know and do in order to perform
effectively; they are able to monitor their own
levels of understanding and mastery.
These
active learners are therefore likely to ask
questions of clarification and more efficiently
plan their study activities. Such activities
are quite different from passively accepting
(yet momentarily actively processing) the
particular information that a person or text
presents." (p. 248)
Students with a
over

students who

learning
college

styles.

strong metamemory have

are unaware of their personal
This was demonstrated

students and their

1984)

The

their

text

study

looked at

assignments,

metacognitive

an advantage

skills.

study habits.

in a

study of

(Halpern,

the way students approached

studying their use

It was
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found that

of

good students

knew what

study strategies worked

students were unaware of the

for

them.

Poor

impact of their

study

habits.

They were neither accustomed nor trained to

look at

their own thinking processes or to evaluate

their

study habits.

First

and Second Levels of Metacognition

Some

educators divide metacognition

categories,
1988)

The

first
first

level
level

and second
refers to

deciding which actions to take
the

‘‘driver of the

level

level.

the

as one

problem solving vehicle".

the

during the process,
about

the

effective
habits,

inner

and the

first

level

assessing what

as

second

the

to do),

that

sometimes

it

level.

second

to note
and study

In contrast,
1988)

(planning,
second

action to

Lesh

thinks of

monitoring,

level

take.

appropriate
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judgments

of strategies etc.

in Narode

and the

is most

i.e.

s use

action

process of deciding what

The

learning styles,

reflect on one

(1983 unpublished as cited
the

first

learning math,

ability to make

thinking pathways,

Metamemory would be

The

awareness of one's thoughts

efficacy of the process -

and to

(Narode,

solves a problem-

is not cognition which refers to

refers to

two

process of

reading or the meat of a subject area.
level

into

He

as the
points out

to operate on one

level

and not

on one

the

s needs.

metacognitive

other

He

for a period of time,

also offers the perspective

skills are

the

task.

(1981)

However,

first must be

aware

is necessary.

relates metacognitive
Taylor

(1983)

awareness to

contends that one

of metacognition

develop metacognitive knowledge.

in order to

For example,

children aren't aware of metacognition and
benefits,

than

it would be

demonstrate use
Though there

of these

is evidence

difficult

skills.
in the

in metacognition can benefit
discussion as to

that

employed at different points,

especially when reorganization of thought
Flavell

depending

if

its

for them to

(Taylor,

1983)

field that

students,

instruction

there

the necessity of such

is also

instruction.

Researchers have noted that expert problem solvers do
not necessarily rely on metacognition
problems all
indications

the
that

difficult

to

actions.

Once

metacognitive
become
most

time.
the

(Silver,

problem must be

demand close
the

type

1980)

solve

There

are

sufficiently

attention rather than rote
familiar the

solving the problem often

with technique
(Silver,

Much of

research data on metacognition have

the

et

for

research

al,

and execution becoming

important.

been gathered from clinical
true

al,

of problem becomes

aspects of

secondary,

et

in order to

1980)

interviews.

in problem solving.
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This

is also

(Narode,

1988,

Clement,
these

1984)

areas

control

There

is a need for

including clinical

groups.

There

is

further research

in

interviews and use of

little

research with young

children.

Methods of

Instruction

Methods to promote metacognition are continuing to
be

developed and are used currently by educators.

example,

Whimbey and Lochhead,

authors of Problem

Solving and Comprehension,

A Short Course

Anajytisa.1 Reasoning,

devised a system,

students work

have

in pairs,

both

think aloud while

they work through complex
they take

activites can be
24)
the

We have
computer

they solve problems.

majority of

are

and have

same

technique

observed an

for use

From this work,

developed

and the

strategies which we

described

p.

in

in the

in solving a

problem and reaching a goal.

They will be

the

(1980,

increase

ability to persist

Paired Problem Solving,

If

open to view and their

observed and communicated."

students'

aware

their thoughts as

ideas and relationships,

adapted this
lab,

whereby

They advocate having

students and experts vocalize

steps that

in

helping each other become

o.f their thinking processes.
"...people

For

we

students named as

In-Process and End-Of-Process.
in the curriculum.
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■Classification

Qf Critical

Thinking Skin*

Categorizing Critical Thinking Skills

There have been a number of attempts to classify
critical thinking skills in ways which would be useful
for educators.

Benjamin's Bloom's method of

classification is considered a standard and is
frequently incorporated into a critical thinking
program.

For example,

O'Reilly incorporates Bloom's six

categories of thinking in his History and Logic
Project.

He describes them in the following manner,

listed in ascending order of difficulty.

1.

Knowledge - Measuring information.

2.

Comprehesion - Understanding information.
Being able to express it in one's own words.

3.

Application - Applying information to a new
situation.

4.

Analysis - Breaking something down and
examining the parts.

5.

Synthesis - Putting complex information
together in a new and creative way.

6.

Evaluation - Judging something against
internal standards (such as consistency) and
external standards (such as the standards of
excellence in the discipline). (O'Reilly,
1984, p. 8)

Critical thinking programs vary as to which
categories are their focus.
one might use all

levels.

When solving a problem,
For example, when solving a
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problem,

one first must have a handle on the knowledge,

seek to comprehend it in order to define the problem,
then apply the understanding in order to analyze and
then synthesize the parts of a problem.
is important to evaluate the answer,
process.

From there,

it

and ones thinking

In the following table we relate Bloom's

thinking skills to problem solving:

Table

1

Bloom's Six Thinking Skills and Problem Solving

1.

Knowledge - Being familiar with the material
or information that forms the background of
the problem.

2.

Comprehension - Understanding the general
domain of the problem.

3.

Application - Using knowledge and one's
comprehension when defining the problem to
assess what needs to be done.

4.

Analysis - Breaking problem into parts and
Determining criteria for completion of
solution.

5.

Synthesis - Studying relationship of the
parts.

6.

Evaluation - Reviewing process of solving the
problem and checking to see if the solution
or final product fits criteria for
completion.

Sokoloff

(1984b)

groups Bloom's cognitive

categories into three divisions:

knowledge,

thinking

and problem solving.

Broadly speaking,

categories,

is an overlap such that some

but there
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he has three

aPPea^
us with a partial

more than one category.

He provides

list of thinking skills below,

noting

that specific skills may fit into several categories
and even problem solving can be seen as a thinking
skill rather than a general category.

These thinking

skills are clearly used when solving a problem.

“Analysis
breaking down into parts
separating
discriminating
looking for consistency and inconsistency

Synthesis/summarizing
associating
translating
comparing
classifying
organizing
contrasting
sequencing
designing
putting ideas together in unusual ways combining
patterning
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Inferring
predicting
hypothesizing
using clues and hints
imagining consequences

Evaluation
judging
critiquing
valuing
listing priorities
looking for consistency and inconsistency"

Sokoloff

(1984b)

emphasizes the

importance of

consistency in terminology when using these skills in
the classroom.
taught

He believes that "thinking is best

(and learned)

as part of instruction in the

regular content areas."

In his classroom,

he is

explicit about what skills are being used at a specific
time.

Though this identification process may be

difficult,

he believes that such self-observation is a

necessary building block for development of these
skills.
the

Instructors must decide which terms to use as

literature

in critical thinking is inconsistent

regarding naming of skills and using consistant
definitions.
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Inductive and Deductive Reasoning

Critical thinking skills are sometimes termed
reasoning skills.

Inductive and deductive reasoning

are two frequently used categories.

Some researchers

focus on the process of inductive and deductive
reasoning and its relationship to learning styles,
Avila,

1980)

(de

Halpern argues that "Reasoning allows us

to reach conclusions about the nature of the world.
When we reason,

we use our knowledge about the truth of

one or more statements to determine

if another

statement,

"

p.

52)

the conclusion,

Inferences are made

conclusion.
hypothesis,

is true.

(Halpern,

1984,

in order to reach a

When we gather facts to support a
deductive reasoning is used.

We use

inductive reasoning when we view a list of facts and
then see

if each fact supports our idea,

determining the truth of the

idea.

as a means of

Inductive and

deductive reasoning are constantly brought

into play as

we draw conclusions in our personal concerns,
our daily

life or in our studies.

students tend to use
unless otherwise

(Halpern,

our work,

1984)

Some

inductive reasoning exclusively

instructed.
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(de Avila,

1980)

Developmental Sequence of SkillR/Ptaget and Pat^rt.
There

is disagreement within the field regarding

the optimal sequence to teach critical thinking skills.
When referring to developmental levels,

researchers do

not yet know the sequence of mastery of critical
thinking skills.

Some refer to Piaget,

seeing critical

thinking skills as a part of formal operational
thinking.

Others debate the validity of his point of

view because many of his experiments were set in a
clinical or scientific
from real

laboratory setting,

life experiences.

isolated

They argue that there

evidence of formal operational thinking earlier,

is

and

that this is sometimes seen in pre-adolescent children
as they go about their daily lives.

Also,

reasoning

ability in adults and adolescents seems to vary
depending on the type of problem.
question whether there

This leads one to

is a general reasoning

competence that applies to all problems.
1976)

There

is evidence that young children can and do

use metacognition when making decisions.
1985b;

(Flavell,

Paul,

1984)

(Lipman,

It appears to us that formal

operational thinking ability is often dependent on
context and presentation of the material.
context,
ability.

this

Regarding

is clear when one looks at writing

The quality of one's writing ability
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frequently depends on how well-versed one
subject.

(Williams,

1984)

Papert

(1984)

is with the

argues that

part of the disagreement arises because of different
interpretations of Piaget's work.

Piaget indicates

that abstract skills are generally not learned until
age twelve.
development,

Papert has argued that in terms of
through Logo,

one can in fact teach

younger children skills we term as abstract.

Many

believe that the method that can be used to do this has
to be continually adjusted to the child's conception.
Papert,

designer of the original Logo language,

summarizes his understanding of Piaget and children's
thinking.

Until I met him (Piaget) I focused mainly on
the Piaget who speaks about what children
can't do—they can't learn this or that
because they are not yet at the right
stage....I'd seen Piaget as the structural
theorist of what children can't do,
and
suddenly there was this person who wasn't
restricting but was promoting the child to a
philospher. (Papert, 1984,p. 102)
Piaget s
experiments repeatedly showed that children
abstract those features of a situation that
are important for them.
They use these models
to simplify the world enough to master it.
This is not different in nature from the way
the scientist, in setting up formal abstract
theories, is simplifying the world to master
it...It's very shaky to say
that you re in
a concrete stage and you become abstract
later.
A more accurate vision would see
interplay between the concrete, configural,
personal, and what you might call abstract.
Since this play goes on all the time, we
shouldn't try to go against it by forcing
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children to be more concrete than they would
otherwise be." (Papert, 1984, p. 104)
An example of a way to help students develop their
metamemory,

would be to ask questions which require

them to reflect on what they did or just thought.
Further questions might be asked that would help
children to become aware of their own learning style
and thinking strategies that they often use,
consciously or unconsciously.
begin to

In this way,

children

learn self-reflective skills through using

concrete steps.
Many support Papert's position that cognitive
development
words,

is spiral rather than sequential.

over time,

one might return to developing a

previously learned skill,
each return,

only in a deeper way.

At

the use of the skill may become more

sophisticated.

To ensure this process,

instruction is important
(1985a)

In other

(Lipman,

continued

1985a).

Lipman

points out the misconception that critical

thinking skills naturally proliferate
improve greatly in quality.

in quantity and

He claims that as we grow

older this may be partially true,

but that basically

thoughout our lives we rely on a core of critical
thinking skills that stay unchanged after childhood
unless the

individual continues to focus on developing

these skills.

Instruction of critical thinking skills
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can help children and adults develop further along
these

lines.
He reminds us of a study that tests students,

second grade through freshman year in college on
reasoning skills.
a sixth grade

Many college freshmen scores were at

level.

(Lipman,

1985b) This suggests

that many people do not reach abstract

level.

Further research is needed to assess what types of
thinking are developmentally accessible at specific
ages,

and if learning does occur in a spiral fashion,

how these skills can be best cultivated (Swartz and
Perkins,
1985).

1989
Ennis

;

Benderson,

(1983)

1984;

and Ries

Ennis,

(1990)

1984;

Norris

remind us that

research is lacking in the area of sequence of skills
in correlation to age

level.

Ennis notes that there

is

evidence that one can teach deductive reasoning to
children.

Other skills such as assumption finding,

judging observations,
sources,

determining credibility of

and detecting contradictions have not been

tested with respect to the capacity of students to
learn these skills and at what grade
there

is

example,

informal evidence that it
Benderson

believed that

levels.

However,

is possible.

(1984) writes that,

For

many educators

identifying assumptions couldn't be

taught until the seventh grade,

but a few teachers now

claim to be doing this kind of work successfully in the
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fourth grade."

(Benderson,

1984 p.16)

In conclusion,

it seems that focusing on a critical thinking skill
through approriate means,
the

individual,

developmentally correct for

can result in the student reaping the

reward of a deeper understanding and application of
that skill,

attained through practice over time.

Context of Critical Thinking

One cannot truly judge the level of a student's
critical thinking without

looking at the context of the

situation requiring thinking.

Depth of critical

thinking is heavily contingent on

the context of a

question or a required set of actions.
Costa and Lowery,
McPeck,

1981;

assumptions,

1989;

Norris,

(Evans,

Swartz and Perkins,

1985)

1982;

1989;

Norris argues that basic

level of understanding and the type of

task affects the type of inferences a person makes.
McPeck

(1981)

and Norris

(1985)

contend that context

can affect critical thinking performance.
Students must be grounded in a discipline
acquire knowledge — cf.

Bloom s steps)

thinking can be expected.
a new subject,
deeply.

(must

before critical

As students are oriented in

they are able to start thinking more

(Williams,

1984)

Critical thinking skills are

not a substitute for knowlege
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in a particular subject

area.

However,

to weave
one

to

critical

a pathway through the

get to the core

clearly.

subject

thinking

instruction
it

in

1984)
make

even when

judgments

Intrinsic
reflect
to

along with the

(Benderson,
to

superficial

about

seek reasons and
ability to do

is the

so,

one's own

ability to

Society cannot

this danger.

afford

He

reminds us

approaches that only teach

encouraging a strong critical

spirit often result

in students reinforcing

and defending their prejudices.
concepts

(Sternberg,

possess this capacity.

'quick fix'

techniques without

is often

1984).

this attitude

Richard Paul warns

critical

is a prerequisite

a commitment to

on one's own thinking.

thinking

This

Spirit of

thinking spirit.

rear children who do not

that

The

impartiality does not serve

self-interest.

in subject

This willingness

as a critical

There must be
clear

for

isolation.

willingness to think

thinking critically.

referred to

it more

incorporated in our curriculum.

An Attitude.of Inquisitiveness:
Critical Thinking
Students'

allowing

idea and then work with

rather than teaching

approach will be

to

area,

This argument underlies the case

embedding critical
areas,

thinking strategies enable one

Too often students use

and techniques to unconsciously
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maintain their most deep-Beated prejudices and
irrational habits of thought.
use

of techniques that make

but

that

on the

This

the thinking seem rational,

in actuality are used to put

defensive.

approach where

It

there

is dangerous to use

dangerous when trying to

about

or are

a recipe-like

appropriateness according to

complexities of a situation.

many people

their opponents

is not true reflection regarding

one's actions and the

supports

is masked by adroit

This can be particularly

solve problems that

ethical

the

in nature.

Paul

affect
further

giving students the experience of thinking

the world

in a dialectical manner,

the

ability to

see

through distorted viewpoints.

Benderson

step

(1984)

children can be

thus gaining

into another person's

and Lipman
taught

to

(Paul,

(1988)

shoes and yet
1984)

reminds us

that

rely on their own reasoning

capacities.
When teaching the
problem solving,

critical

thinking skills of

this active critical

thinking

is essential.

When confronted with a problem,

must be

to

taught

problem.
steps
what

that

They

trust

should be

lead them to

they have

their ability to

tackle

spirit
students
a

accustomed to taking active
their goal

accomplished
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and

in evaluating

in the process.

Summary of Points

In summary,
a mental

an expert critical

dexterity

in using the

previously mentioned,
the

subject

and Perkins,
Halpern
it

is

1989

1984;

active,
To

to

for

it

Sokoloff,
1985;

questioning adult

solve

1977)

Lochhead,

it

As teachers,
'habit of

role

of an

thinking skills are used.
Polya,

1980;

Papert,

1980;

When referring to critical
we mean the

a problem

or understand

process by

it.

thinking

(or

subject)

1980;

Halpern,

seen that

in order

is the motivation to

think

(Whimbey &

1984)
instruction

thinking can be beneficial
taught critical

and

Crucial to problem

action based on one's own thoughts.

We have

can be

to the

1985a;

organizes one's thinking effectively,

solving/critical
and take

1984)

(Swartz

in our society.

1989;

consciously approaches
to

Ennis,

students the

thinking when problem solving,
which one

attitude

we view solving a problem as a

and Perkins,

Flower & Hayes,

1984b;

Paul,

give our

process whereby critical
(Swartz

and a critical

is essential

reiterate,

thinking skills

and his/her own thinking.

Norris,

important

thinking,'

;

thinker would have

a foundation of knowledge about

subject being analyzed,

towards the

in this Section

and that

in critical
even young children

thinking skills.
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It

is clear

that metacognitive skills enable the thinker to
effectively manage critical thinking skills.

As

problem solving is considered an important critical
thinking skill,

the above

is also true for problem

solving.
In the dissertation, we will correlate some
critical thinking skills with skills used when solving
problems.

In particular, we will be focusing on the

critical thinking skills of defining,
organizing,
skills.

synthesizing,

analyzing,

questioning and revising

They will be described in relation to problem

solving in the section on problem solving.

In the next

section we will give an overview of some programs that
teach critical thinking as well as a synopsis of
instructional strategies that appear to be effective.
The following points can be gleaned from the
literature cited in this section of this chapter:

1.

Critical Thinking Instruction is important for
functioning well in our society; critical thinking
always happens within a context, it doesn t occur
in a vacuum.

2.

Instruction in critical thinking can be effective.

3.

Bloom's classification of 6 levels of Thinking
gives us direction in thinking about critical
thinking skills.

4

There is evidence that young children will tend to
think inductively rather than deductively, unless
trained to do otherwise.
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5.

Metacognition and metamemory are important in
becoming better thinkers.
The ability to reflect
on one s own thinking and being aware of one's own
learning style can help one reason more
effectively. Often, these factors distinguish good
learners from poor learners.

6.

There is evidence that young children can learn
metacognitive skills.

7.

Context and attitude can directly affect student
performance.

8.

Problem solving skills are considered an important
thinking skill.

Section 2:
Instructional Practices in Teaching
Critical Thinking

In this section,

exemplary critical thinking

programs will be described and in the process of doing
so,

specific

instructional practices will be

highlighted.

A table at the end of the

highlights aspects of the programs,
practices deemed effective are

section

and instructional

listed.

Overview

There are

several major viewpoints regarding

instruction in critical thinking,
hold the same

goal:

all groups

creating and developing

self-generating thinkers:
capacity to analyze,

however,

thinkers who have the

infer,

synthesize and evaluate
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\

information in a variety of settings;
have the disposition to think,

and thinkers who

and the willingness and

capability to question their own thinking.

(Paul,

1984)

A strong critical thinker relies on his/her foundation
of knowledge on a particular subject when analyzing
material,

carrying a critical attitude towards the

subject and his/her own thinking.

This mental dexterity

is used towards his/her predetermined goal,
f the subject matter.
Norris,

1985;

Paul,

(Sokoloff,

1984)

1984b;

regardless

Halpern,

1984;

Instruction in critical

thinking must help students gain a dexterity and an
awareness of the

impact of such thinking tools.

Present methodologies of teaching critical
thinking vary.

Many of these methods have demonstrated

an effect on students.
Lipman,
1985a;

1988;
Paul,

Beyer,
1984)

(Swartz and Perkins,

1988;

Williams,

1984;

1989;
Ennis,

Types of instruction can be divided

into two major categories:

critical thinking skills

embedded in curricula and critical thinking skills
taught

independently of subject matter

(there are some

embedded programs that also teach skills in isolation).
Though empirical evidence

is still being collected,

a

number of leading educators believe that many of these
skills are transferable across the disciplines
and Salomon,

1988;

Swartz and Perkins,

1983;

1989;

Papert,

Derry,

1980),
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1989;

However,

(Perkins

Ennis,

there are

few programs explicitly designed to promote
generalization of critical thinking skills.

There are

many critics of the stand that transfer is possible and
this viewpoint will be covered in third section of this
chapter.

In this section, we will present brief

descriptions of a number of programs and their
practices.
"isolated"

These will be divided into
instructional programs.

"embedded" or

From these, we will

focus on common elements and highlight them in the
summary.

Many of these programs have not been

adequately evaluated,

often because of the difficulty

in controlling important

independent or extraneous

variables and because of the short duration of time
between pre and post tests.
programs claim to have at

Still,

the following

least informal evidence of

benefits for students who participate

in them.

Their

experiences offer potentially effective practices to
consider when formulating a program.

Description of Exemplary Programs and Comments:
Embedded Instruction in Critical Thinking

There are strong advocates for embedded
instruction.
thinking

Gordon (1983) has argued that critical

instruction must be embedded in every subject

rather than only presented in a few scattered courses.
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Instruction in critical thinking skills must continue
even when it

is no longer a focal point of educational

conferences.

(Gordon,

1983)

It must be consistent and

progressive through the grades

(Sokoloff,

1984b)

and

can only be successful with adequate teacher training.
Here follow examples of programs that teach critical
thinking skills within subject disciplines.

Taxonomy of Reasoning Skills

Sokoloff

(1984b),

Executive Director of the

Center for Study of Thinking and an instructor at
University of Pennsylvania,

embeds instruction in

critical thinking in subject matter through using his
own taxonomy of critical thinking skills.
strengthening metamemory,

As a way of

Sokoloff helps his students

define which thinking skills are being used in a
particular lesson.

He encourages students to

contemplate their thinking processes and label them,
after guiding them in trying specific thinking
strategies.

In this way teachers can help students

learn new thinking skills or improve previously learned
skills by creating lessons that highlight critical
thinking skills and focus on subject area knowledge.
He

is also an advocate of using consistent terminology

describing critical thinking skills in varied contexts
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to promote generalization of skills to new contexts
(Sokoloff,

1984b)

We will advocate a similar method in

the curriculum.

Metacognitive Development

Irving Sigel,

in Preschoolr^r

research psychologist at the

Education Testing Service,

has designed a program for

preschoolers that incorporates instruction in critical
thinking skills with an emphasis on metacognition.

He

points out that children learn critical thinking skills
in a spiral fashion.

In his talk during a conference

titled "Critical Thinking and Educational Reform"
Sonoma State University in California,

at

Sigel shared

his viewpoints on how children learn to think.

"Evaluation is supposed to be a higher-order
skill, but four-year-olds evaluate when they say
they like something or that something is fun.
Research shows that children develop a high
degree of certain skills at a very young age.
Four-and five-year olds can solve some
syllogisms.
Higher-order skills supposedly are
those that develop later, but you can name any
higher—order skill and find its analog among
young children, although perhaps at a less
complex level. Moreover, an adult naive in a
particular subject area reasons much like a child
when confronted with a problem...Teaching people
logic is different than teaching them to be
thinkers...A skill approach to thinking denies
the intrinsic processes of thought since the
skill concept disengages thinking from subject
mattter, the person, and the setting, essentially
the context in which thinking takes place...Our
thinking is probably very loose and shifts back
and forth from one idea to another.
It isn t
that one sits down and creates a syllogism.
Most
everyday thinking is a loose pattern of mental
activities where
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things move around as molecules in a field."
(Quoted in Benderson, 1984, from Sigel's article:
"Reflection on Thinking About Thinking: The
Educational Discovery of the '80's")

Sigel also points out that taxonomies of skills do
not focus on the mental processes that one uses as one
solves a problem.

He argues that these processes

cannot be described in a linear fashion.

We believe

that using a taxonomy is not an end unto itself but can
be used as part of a skill approach.

A skill aproach

gives students an opportunity to focus on specific
skill development as they also organically and
unself-consciously develop other related critical
thinking skills.

A skill approach can include the

types of techniques Sigel advocates.
Sigel has established an experimental program for
pre-schoolers at the ETS Center for Child Care
Research.

Through role-modeling,

students were taught

"distancing techniques" which helped them step back
from their own thinking and thereby develop the ability
to reflect on their own thoughts.

These techniques

encouraged children to make close observations and draw
conclusions about what they saw.
inferences,

Children used

imagination and reconstruction of past

events as tools in problem solving.

The teacher

presented problematic situations though the medium of
language,

art,

gesture and dance.
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(Benderson,

1984)

The

themes chosen were

interdisciplinary

this way the pre-schoolers were

in nature.

In

given the means to

develop metacognition through using prescribed
techniques

in specific

Broblem Solving
The

Emphasized

in All

New Jersey Technology

elementary
subject

situations.

Sub.iect Areas

for Children Program for

schools emphasises problem solving

areas and

in each child's personal

in all

life.

Teachers help students to develop metacognition and
metamemory

through this program.

program are

not

Children use
resources

specific

about the methods used.

computers as well as more

as problem-

solving tools.

on a variety of problems

in different

working on them as a class or
taught

that

evaluating

Descriptions of the

traditional
They also
subject

in teams.

learning problem solving,

focus

areas,

Students are

will

aid them

in

information now and throughout childhood and

adulthood.

Interdisciplinary Approach That Promotes Transfer:

Project

IMPACT of Orange

exemplary critical
designed

for

twelve.

Like

thinking program,

remedial
the

County,

students,

California,
originally

grades seven through

curriculum we will propose,
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is an

it

is

based on the premise
skills
best

in the

results,

promote

that embedding critical

thinking

subject area curriculum will bring the
and that

transfer.

through building bridgee one can

The program

includes special

student

workshops on specific critical thinking skills.
developers of Project
within the
benefit

normal

from

IMPACT believe

range of

instruction

these benefits transfer
another.

to

intellectual

in critical
from one

on basic

improving performance

thinking.

Neshaminany
inner-city

School
school)

Instruction

thinking,

IMPACT

on tasks that

and that

area to

is to

skills testing

(Unpublished booklet:

students

potential

academic

A major aim of Project

student performance

that all

The

improve

in addition

require critical

Project

IMPACT)

and South Trenton High School
have

(an

similar programs.

in Creating and Writing Analogies Aids

in Thinking Critically and Solving Problems

The

originators of the

solving,
set

creative

synetics approach to problem

thinking and

of materials entitled

learning,

"SES Student

have created a

Sampler."

that

stresses making connections between

ideas through use

of analogy.

that

symbolic
and

focus

The

developers believe

there

is a

relationship between connection making skills
and organization skills which
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in turn aid

students

in thinking more critically and solving

problems.

Writing and class discussion are major

components of the program.

These materials were

developed as a result of research on creative thinking
at Harvard University
concentrate

forty years ago,

on developing analytical

elementary age

students,

but

and they

skills

they can be used for older

students.

This program sees creative

important

component of critical

effective

for both gifted and slow

thinking as an

thinking and has been
learners.

Promoters of the program claim that
learners become
and

learn

to use

develop new
up when

aware

gifted

of their already developed skills

them consciously.

skills.

in

Slow

learners

"This block-busting process speeds

slow students employ the
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same

analogy both to

Eroblem Solving and Cnmpntp^

There
claim to
The

are many types of software

is

generally that of either a microworld or

simulation that

is

problem,

related to
concept or

provides exercises that
critical

the
game

study of a particular
idea,

tools to

focus on teaching a specific

languages

Software

company many of whose

such as Logo,

is an example

software

that can be used

software

for high schools.

gifted as well

are woven

link use
another.

are

seen

into

MECC,

They

as with slow students.

their programs.

Unfortunately,
of skills

critical
sell both

We have used their products

thorough and encourage use
thinking.

that

are

in elementary schools and

an underlying matrix of critical

that

There

of a software

products emphasize

thinking and problem solving skills.

on

that

teach problem solving.

Sunburst

with

or one

thinking or problem solving skill.

also programming
as

that

teach critical thinking and problem solving.

format

subject,

available

They rely

thinking skills
Their manuals are

of strategies and organized
they do not help students

from one

piece of software

TERC and Mindbenders are

other companies that have produced

examples of

interesting critical

thinking and problem solving software.
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to

There

is much software on the market that is

designed to teach critical thinking or problem solving,
but

it

is often used ineffectively.

items include manuals,

Some software

but they are often inadequate

and do not suggest ways to organize thinking in
relationship to the problem proposed in the program.
Other manuals require teacher assistance that is
frequently not offered or available.

Some students

seem to need training in using these manuals to make
using the simulation worthwhile.
training,

Without such

some students may haphazardly work through

the simulation.

Conversely,

other students will

effectively use the same manuals without aid.
can benefit from general

Students

instruction about how to

approach a simulation manual.

The curriculum in this

dissertation will provide students with methods to
effectively use simulation manuals.
There are other types of software that can be used
effectively for teaching critical thinking or problem
solving.

Again,

is critical to
software

the type of instruction and its focus

it being a success.

For example,

Logo

(or variations of it), were originally

designed for teaching thinking skills and problem
solving.

However,

they are sometimes used in a rote

fashion rather than as an opportunity to teach problem
solving skills.

Writing software such as
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wordprocessors,

outline makers,

or publishing programs

are often used only when doing writing exercises rather
than as an opportunity to teach writing and thinking.
For example,

software such as Newsroom.

used to publish a paper,
typewriter,

is often used as a fancy

rather than seen as a tool to confront the

problems involved in writing a paper.
type

that can be

Often students

in previously composed text rather than using the

features of the program to

improve their writing or the

organization of the paper.
there

When creating a newspaper

is a wealth of activities that can catalyze

thinking about the writing and publishing aspect of
creating a newspaper.

Along these

lines it

to examine the roles of the writing,

is useful

reporting,

editing

and publishing staff and replicate and discuss their
problem solving tasks in terms of a school newspaper.
In our opinion,

Logo and writing software are

potentially useful tools to teach problem solving with
a computer,

keeping in mind the

quality instruction.
ideas

This is,

importance of focused
in fact,

one of the key

in the curriculum that forms part of the

dissertation.
There are a number of experimental projects or
research studies that emphasize problem solving and
computers.
Gullo,

(Clements,

1984;

Maniatis,

1985;

Fire Dog,

1981)
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1985;

At this time,

Clements,
there

is

&

very little empirical data available and we believe
much of it

is questionable due to the short duration of

the studies and lack of careful experimental technique
that takes into account differences in instructional
practices.

Additional research must be done before

conclusive evidence can be drawn as to the merit of
such programs.

We will look at some of these research

findings in Chapter Three of the dissertation when
discussing Logo, wordprocessing and use of simulations.

Critical Thinking Program Focuses on Strategies

Talents Unlimited is a program that has
successfully worked with a wide range of students,
suburban,

rural,

in

urban and inner-city settings.

Through focusing on a core of critical thinking skills
and through teaching specific strategies,

students are

led to apply the skills in a wide range of contexts and
subject areas.
as

Specific lessons are presented as well

instruction in how to reconstruct curriculum to

include critical thinking instruction.

Promoters of the

program claim evidence of success in students

CAT

scores and therefore believe transfer is possible.
The program aims for a wide focus of critical
thinking strategies rather than indepth presentation of
certain areas.

For exampla,
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the problem solving

component stresses few strategies,

and is inadequate to

truly encompass the teaching of problem solving and to
emphasize the critical thinking skills used when
problem solving.

It does provide a start

in using

strategies.

Teacher Training in Critical Thinking

The Critical and Creative Thinking Program at the
University of Massachusetts at Boston offers a Master's
Degree Program in Critical Thinking.

The program

exposes teachers to the basic principles behind
critical thinking and helps them incorporate these
principles
classroom.

into the curricula they use
Robert Swartz,

in the

director of the program,

argues that these skills must be taught within
curriculum subject areas,

because a stand-alone course

in critical thinking would misrepresent the

importance

of applying these reasoning skills in all areas.
(Benderson,

1984)

is the belief that

Explicit

in the program's rationale

instruction in teaching critical

thinking skills is needed by most teachers.

Commentary on these Programs

Many of the projects discussed in this section,
concentrated on specific critical thinking skills and
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demonstrated promising practices.

However,

most of

these programs have not included a formal research
component.

Until replication studies are done,

limited in the

inferences we can draw.

we are

At this point,

a number of experimental projects across the nation
claim success,

but many do not have sufficent data to

validate their claims.

Description of Exemplary Programs and Comments:
Isolated Instruction in Critical Thinking

Isolated instruction in critical thinking focuses
on specific skills rather than their application within
a specific subject.

Programs range from courses that

involve manipulable materials to courses that utilize
texts with exercises

(Halpern,

1984).

Here follow

examples of such programs.

Manipulable Materials to Promote Critical Thinking

There are educators who believe that critical
thinking skills can be naturally generalized to
different kinds of problems,

without embedding

instruction in subject matter,
aid the transition.

or giving instruction to

(Feurstein et al.,

1985)

Feurstein,

whose programs have shown success in improving the
thinking skills of retarded people,
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states that the

mind is seen as a living network of mental operations
which can be improved and developed by offering
guidence and specifically designed experiences.
example he explains that
will allow one to
1985)

For

improving the ability to think

learn better.

(Feurstein et al.,

He has created a unique set of manipulable

materials that are designed to engage the user in
active thought.

These materials do not rely on verbal

cues and have been used with slow learners and gifted
students.
Georgia,

His materials are now being used in Atlanta,
Racine,

New York City.

Wisconsin,

Ann Arbor,

In each of these places,

gains in reading comprehension scores,
development,

Michigan,

and

substantial

language

and mathematics problem solving have been

reported.

Philosophy For Children Program

Though an advocate of embedding philosophy within
disciplines,

Lipman

(1989) has designed a philosophy

program for children,
alone.

grades 3-12,

that can stand

Many of the types of topics and instructional

approaches can be adapted for use
disciplines.

Through appropriate

in different
instruction,

he

believes children can grapple with ideas once thought
too abstract.
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Lipman is a strong advocate of teaching philosophy
within disciplines in college and this is reflected in
the broad nature of topics covered in his texts for
children.

Themes in his books range from the

relationship between language and the world,
of logical,

social,

relationships,

causal,

ethical

problems of language,
authority,

aesthetic and mathematical

inquiry,

aesthetics and the

or such social

freedom and justice.

issues as law,

In each text he

focuses on specific philosophical elements and language usage.
grade text,

the nature

For example,

i.e.

logic

in his fifth and sixth

Harry Stottlemeir's Discovery,

he places

the emphasis on introductory concepts in logic and
language usage.

In this text,

eleven and twelve year

old children discuss topics such as the reality of
dreams.

The dialogues take place at home or in school.

Lipman believes such courses will help develop the
core of reasoning skills that are the foundation for
adult reasoning and making decisions.

Iowa test scores

show that many students score higher in reading,
science,

after participation in the progam.

math,

His early

research indicated that these gains sometimes are

lost

if instruction in critical thinking is not continued.
(Lipman,

1988)
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Textbooks On Critical Thinking

There have been a number of textbooks written to
be used as a means of teach critical thinking. Whimbey
& Lochhead's book,

Eroblem Solving and Comprehension,

is used by students ranging from junior high to first
year college.

The book includes tactics to strengthen

analytical skills.
the problem,
thinking.

An emphasis is placed on defining

metacognition,

metamemory,

and dialectical

Students are encouraged to verbalize their

thinking processes to other students,

thus

strengthening their own awareness of their thinking
patterns.

In this way,

students can more easily

identify flaws in their thinking and patterns of
weakness in logic.

The authors believe that a course

based on their book will
test taking,
personal

in

in other academic areas and in their

life.

emphasize the

improve student performance

(Lochhead & Whimbey,

1980).

They

importance of practice and subsequent

improvement of skills with practice,

over a long period

of time.
Lochhead has trained students and teachers in
various disciplines but primarily in mathematics.
Though his text has been used in isolation from subject
matter,

many of his methods have also been used widely

in math classess.

For example,
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his methods have been

used in the

'Summermath'

program for high school girls

at Mount Holyoke College and in math classes at
University of Massachusetts.
We have used an adaptation of this approach when
teaching sixth graders Logo in Holyoke,

Massachusetts.

Students who were once reticent to express their
thoughts or who were passive problem solvers became
active problem solvers and questioners.
Diane Halpern,

author of Thought and Knowledge:

An Introduction to Critical Thinking,
a tool to

improve thinking skills.

sees her text as

Her book is

purported to help students build their awareness of
metacognition and to

lead them through the practical

application of the reasoning skills developed through
the exercises in her book.

She claims that serious

study of her book will have

impact on the reader's

ability to think critically in many domains.

Her book

is used widely as a reference and a guide.

Instructional Principles

The common elements in the programs listed in Table 2
indicate to us that the following principles would be
beneficial to follow when planning a program:

1.

Plan on the fact that critical thinking skills can
be taught to young children;
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2. When taught within a particular subject area, the
student should first be grounded in the particular
discipline; i.e. basic skills in the subject area
should be solid before emphasizing critical
thinking.
Table 2
Summary
Table of Instructional Programs
“-ViULlfli
L 1 WBA. ams
In Table 2, the forementioned programs main
featuresi are summarized.
Program * Embedded * Isolated * Instruction
*
*
* in metacog*
*
* nition
*
*
*
*
*
*
Sokoloff
Sigel
N.J. Tech.
IMPACT
S. E. S.
Talents
Teacher Tr.
Feurstein
Lipman
Texts
Sunburst

3.

*
*
*
*
*

Emphasis * Claims
on skills* of
* Transfe:
or
*
strat*
egies

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

A standard taxonomy of critical thinking skills
should be used in all the student's classes;

4.

Students of all ages should learn how to identify
the critical thinking skills or strategy they are
using at a particular time;

5.

This critical thinking spirit
successfully

is crucial to

employing these skills.

Creating the

ambiance where a "critical thinking spirit
grow and flourish is very important;
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can

6.

Depending on the subject,

students will use

different reasoning skills;

7.

Material to exercise these skills must be presented
at an appropriate developmental or grade

8.

level;

Teacher and peer modeling in using the skill

is

important;

9.

Students need to practice these skills in different
contexts over a period of time;

10.

Instruction in these skills must accommodate the
particular learning style of the student;

11.

If one expects generalization of reasoning skills,
it

is helpful to build a bridge between domains.

One technique

is identifying the skills as they are

employed in class.

(Note:

many experts feel that

this is not necessary if the mode of instruction
promotes generalization.

(Feurstein,

1985)

12.

Teachers can usually benefit from training in
incorporating instruction on critical thinking in
the classroom;

13.

and

Teachers working together can unify the student s
experience of reasoning in different disciplines.
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Summary

In this

section,

exemplary programs were

described,

each focusing on an aspect

thinking.

From this,

specific
These

indicate

that consistency of

in section

1,

instruction and use

an emphasis on metacognition,

supports a critical

aspects of

instruction.

surrounding
critical

information

instructional principles were highlighted.

of terms,
that

and the

of critical

the

thinking

and an ambiance

spirit

In the next

should be key

section,

issues

possibility of generalization of

thinking

skills will be discussed.

S.ec.tion 3;
Generalization of Critical Thinking Skills Across

the Disciplines
Experts
of transfer
it

in the
of

field differ

skills.

is defined as

the

discipline

the

transfer of skills

specific
The

terms

For the purpose

process

one

are used

practices,

in their definintion

in which skills gained

in other areas.
from one domain to

described

later,

The

topic

72

is

in

In promoting
another,

might be

generalization and transfer

interchangeably.

of this paper,

followed.

are used

a controversial one.

In this
critical

section,

the topic of generalization of

thinking skills will be covered

the history of the

question of transfer,

on the possibility of transfer,
transfer,
gaps

tools

perspectives

for promoting

exploration of transfer as a natural p>rocess,

in research,

instruments.

and the effectiveness of testing

At the end of the

synthesis of
the

in terms of

section there will be

instructional principles presented

sections on critical

a

in all

thinking.

Overview

Through

focusing on strategies that

organising their
students are
develop the
thinking.

thoughts and developing metacognition,

given a foundation from which they can
life-long habits of active

C.K.

Smith

(1974)

"self-generating thinkers"

uses the

should be

to

role-modeling,
thought,
enquiry.
into

We

three

any curriculum,

focus,

we

are
as

students to become

can do this through

and by creating an atmosphere
These

students who

teaching strategies that help focus

elements are

are

conducive

easily

appear to be

emphasizing that
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for

incorporated

regardless of content,

strengthen skills that
this

term,

Our commitment,

inspire our

self-generating thinkers.

critical

to describe

committed to thinking critically.
educators,

aid them in

and can

generalizable.
an active

By

questioning mind,

equipped with thinking tools,

helps

one toward a deeper understanding of a subject and
consequently brings one closer to one's goals,
the study of a subject,
or solving a problem.

be

it

analysis of a topic or dispute,
In this broad sense,

a positive

propensity towards thinking can be cultivated and
generalized to work in other areas.

This in turn can

contribute to the development of self-generating
thinkers.
Experts continue to debate whether critical
thinking skills learned in one discipline can be
applied to another discipline.

Some believe there are

prerequisites to acheiving this kind of transfer;
others feel that transfer is unlikely under any
conditions.

Some question the types of skills being

tested for transfer.

One must take

into account that

there are domain specific critical thinking skills that
must be grounded within a discipline.
candidates for transfer.

Other skills that can be more

broadly applied might be candidates.
Perkins,

These may not be

(Swartz and

1989)

The goal of instruction in critical thinking is
the application of reasoning skills in students
and in cognitive and social domains.

Though there

evidence of short term impact of instruction in
critical thinking,

there

is insufficient research
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lives,
is

investigating the
(Norris,

1985)

likelihood of long term effects.

Unanswered questions regarding

developmental sequence of skills,

or the

idiosyncratic

differences in employing various reasoning skills in
different domains,
teaching methods,

and the effectiveness of specific
affect researchers'

efforts to

understand the processes of transfer.
The debate continues regarding the viability of
the theory of transfer of thinking skills.

Various

testing methods and methods of instruction have led to
inconclusive results.

More than fifty years ago E.L.

Thorndike and others conducted experiments that looked
at how the study of Latin might affect thinking in
other subject areas.
of Latin did not
subjects.

Thorndike reported that the study

lead to more success in other

Such results lead to the long-held notion

that transfer of training does not occur.
must be raised such as:
this?

Was Latin a good vehicle for

Were the specific reasoning skills employed in

Latin pointed out?
Also,

Questions

Were studies longitudinal? etc.

are metacognitive skills developed naturally in

the process of learning Latin,
instruction in this necessary?
these questions,

or is specific
Without addressing

the research must be considered

incomplete.
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In recent years,
(Feurstein et.

al.,

Lipman's

(1988)

1985) programs,

and Feurstein's

and other programs

such as Talents Unlimited (Barbieri,

1988/89a&b) have

found through testing that their programs have

impact

on work in subject areas dfferent than the program's
focus.

There are other programs which claim similar

results but which lack adequate data to back their
claims.

(Lochhead,

1981a)

Still, with or without data,

educators are developing and piloting programs which
have benefited from the experiences of such programs as
mentioned in this section.

Much research in this area

must be done before definitive conclusions can be
drawn.

Is Transfer Possible?

Some experts believe that transfer can,
happen spontaneously, without specific
(Perkins and Salomon,

1988;

Ennis,

et.al.,

1980;

Halpern,

1985;

believe that

Papert,

at times,

instruction.

1983;

Feurstein

1984)

Others

if certain practices are followed,

students will be more apt to apply thinking skills from
one discipline to another.
Derry,

1989;

Sokoloff,

(Perkins and Salomon,

1984b; Williams,

1984)

These

types of practices are referred to as transition
activities or instructional bridges
Sokoloff's approach,

(for example,

described earlier,
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1988;

includes

transition activities).
the problem,

Drawing students'

attention to

providing activities that deliberately

link skills to other contexts and asking the students
to think of applications in other contexts are
techniques that Swartz and Perkins

(1989)

suggest.

They contend that a well-designed approach must include
explicit provision for transfer.
(Resnick,

1987)

Critics of the theory

that transfer is possible argue that

transition activities are not enough.

They believe

that thinking skills learned in one discipline can not
be used in another discipline until students are
retaught the skill and instructed in its application
within the new subject.

Tools for Promoting Transfer

Creating Instructional Bridges

Emphasis on conscious use of critical thinking
skills and focused instruction can be helpful when
promoting transfer.

Beyer argues for step-by-step

instruction in the use of critical thinking skills.
advocates showing students,
thinking skills,
a skill."

He

procedures."

"...how to use specific

...(spell out)

insists that,

teaching a skill

He

exactly how to execute

"the crucial part of

is discussing its operational

(Paul,

1984,

citing Beyer)
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He also urges

teachers to cautiously decide which skills to
emphasize.
skills

He takes his taxonomy of critical thinking

(listed in the previous section)

and helps

students to consciously identify these skills as they
use them.

He stresses the

importance of consistent

labeling of skills in as many domains as possible.
(1984)

Paul

adds that metacognition must be cultivated at

all times.
Researchers in Logo are considering these same
principles.

Tetenbaum and Mulkeen (1984),

article on Logo,

in their

give two principles to consider when

creating a transition aid for transfer.

In particular,

they are referring to problem solving in Logo.

1.

Some of the processes or knowledge used in one task
should be identical to those learned while engaging
in another.

2.

Learners should be made aware specifically of the
skills involved in the task, as well as the
specific content of the task.
Labeling critical thinking terms,

naming

strategies and giving students opportunities to
consciously practice strategies,

skills,

terms in new contexts are other examples.

and use of
The following

programs and educators utilize these approaches.
Talents Unlimited,
(1985),

Beyer

Tetembaum and Mulkeen (1984)

(1988),

Sokoloff
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(1984b).

SES,
DeBono

Unaided Transfer Versus Aid^d Transfpr

Perkins and Salomon (1988) have developed a theory
of how transfer works, which can shed light on how to
promote transfer of skills.
researched.

It is not yet extensively

They refer to the

the high road of transfer.

low road of transfer and

The

low road refers to

transfer that happens automatically,

usually through

stimulating recall of another applicable situation.
The high road of transfer refers to transfer that takes
place through an intellectual activity or instructional
bridge.

After considering studies that looked at

transfer effects of programming,

they concluded that

the programs that had success in this area generally
included transition activities or bridges.
did not

Those that

include these most often showed no gains in

this direction.

(Dalbey and Linn,

Perkins and Salomon,
suggest three ways to

1988)

1985,

as cited in

Perkins and Salomon

(1988)

improve the chances for transfer,

by helping students to:

1)

Make a connection to their own life or immediate
studies

2)

Make a connection to another context or subject.

3)

Develop skill "of learning for transfer" by
developing good habits.

For example,

this might be

looking ahead and thinking

how the concept might apply elsewhere or looking back
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and evaluating how it is similar or different from a
past concept.

These principles are very similar to ones

practiced by students in the informal pilots of the
program that

is the forerunner of the curriculum in

Appendix A.

Perkins and Salomon (1988)

also note that

teachers should "persistently and systematically
saturate the context of education with attention to
transfer."

(p.29)

In what way can we aid this process?
important to ask,
transfer?

It is

what indeed are we attempting to

We must ask what

is common to all

circumstances regarding critical thinking skills or
problem solving skills.
common,

By isolating only what

one can then focus on these elements when

teaching critical thinking in many contexts.
then be

is

labeled and explored further.

These can

It is this

principle that we will use as the foundation for the
curriculum in Appendix A.

What is not common should

also be taught,

but specific to the discipline.

(Belmont,

Swartz and Perkins,

1985,
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1989).

Pass The Process Qf Labeling

Critical

When Promoting Transfer Have

Its Origins

Thinking Skills
-in

Classification?

Classification as a First Step

Central to the

idea of isolating the types of

reasoning processes and labeling them is the skill of
classification.

Child development specialists consider

this skill fundamental.

Studies with infants have

focused on the early development of this skill.
(Elliot,

1981;

into adults,

Ervin-Tripp,

1977)

As children grow

this skill becomes a building block for

more complex thinking tasks.

Perhaps in early

development of reasoning skills,

one must consider how

one can help the student spot the reasoning process
that

is being used to solve several problems.
Ira Belmont,

a psychology professor,

looks at the

question from a developmental psychologist's point of
view.
element

If a child succeeds in finding the common
in two situations,

one can tell s/he has

learned to recognize that element.
fails to find the common element,

However,

if a child

one can surmise that

s/he might need help.

If after helping him/her

recognize the element,

and s/he can show this ability

in another situation,

one can see s/he

learning to find this element.
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is on the way of

If with help the child

cannot find the element,

one can assume that the child

has not fully mastered the classification in the first
context.

(I.

Belmont,

Personal Communication 1985)

An Example of Step by Step Method to Encourage Labeling
of Reasoning Skills

How can the

idea of classification help us with

our question of how to aid in the generalization of
critical thinking skills?

Taking into consideration

the process of classification,

we can derive a process

of helping students spot types of reasoning used across
the discipline.

During this process the student will

be reflecting on his own learning process,
metacognition.

thus using

Let us look at a simplistic example.

Let us assume the child is grounded in subject domain
#1.

Steps:

1.

Child is introduced to one reasoning skill,
defining. We will call this skill #1.

2.

Child watches teacher or peer apply this skill in
solving a problem in a subject domain #1. Skill #1
is clearly identified and explained.
(In solving
the problem, other skills will be used.
Throughout
the following steps, skills that have been
previously studied will be specified).

3.

Child applies skill #1 to a problem and labels the
skill(s).

4.

Discussion with peers or teacher follows.
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such as

5.

Teacher demonstrates application of Skill #1 to
another problem and a group discussion follows.
This modeling process includes verbalizing the
steps in solving the problem and labeling skill
(and any skill other previously studied.)

#1

6.

Child works with a group on another problem,
applying skill #1.
When s/he uses the skill, s/he
labels it.
The group reviews and discusses the
process of solving the problem.

7.

Child works individually on three more problems.
S/he is practicing using the skill and identifying
the skill.

8.

Child watches a friend work, and identifies the
skill(s) being used. If child identifies skill #1,
s/he proceeds to do the same with skill #2.

9.

When the child has mastered several (thinking)
skills in domain #1, then the child is given a
problem in subject domain #2 and follows step #2
but now in the subject domain #2.
The rest of the
steps are followed sequentially.

10.

Child is asked to give examples of what
context skill #1 can be used.

11.

Skill

#2

is

introduced

in the

other

same manner as steps

1-10.
Ideally,

the

student would not begin to consciously

work with this transfer process until
mastery over
domain.
the

several

interrelated skills

This process

student

is

should not be

grounded

in the

similar process could be
studying
in both
The
first

two

s/he has

subjects,

in the

same

approached until

subject matter.

employed while

only

shown

A

simultaneously

focusing on the

same

skill

subjects.
student

type

is

is using two types of memory.

recognition memory,
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for

the

child

The
is

given reference clues.
recall memory,
without clues.

where

The

the

To do

second type of memory

student recalls the

this,

abstract or might be

his/her mind.

This

This association

a concrete

image

is called association

can be used to help student

skill

s/he has created an

association to help him/her remember.
might be

is

in

learning and

transfer critical

thinking

skills by building bridges between contexts or
subjects.
habit

of

It

is also

looking at

important

to

Transfer

thinking

are

successful

skills are

about

divorcing
of

a strong transfer of skills.

projects where critical

taught

in

Whimbey and Lochhead,

dubious

another essential

as a Natural Process

There

1985;

to

the

one's thinking habits and one's

strategies builds metacognition,
ingredient

remember that

reason,

transfer of

1980)

this approach.

skills

educators

skills.

matters,

(Norris,

example

jury

he

of a

looks at

may deter

problems
long

transfer of thinking

without

instruction.

leading educator who

served on

the mental processes used
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term

1985)

Ennis argues that

Giving the

are

Sternberg argues that

skills often happens naturally,

duty,

Some

(Feurstein,

from real-world activities,

and academic

Conversely,

isolation.

in

deciding on a verdict.
never taught
practiced

He notes that

jury skills,

the

juror was

but obviously used skills

in other circumstances.

He had obviously

learned analyzing and evaluating skills earlier,
a previous context,
during the

court

and had applied these

session.

analogy of students who
area and

in turn use

their daily

lives.

subjects or topics

reason

of the

He

are

consumerism course,

terms subject-specific and
reminds us that not

disciplines,

and that

of knowledge

perhaps a home

He

subjects

gives the

gained

in a

economics course

different

and

Making

regarding care of your car requires a

synthesis of knowledge

skills

all

on media and evaluating propaganda.

decisions

in

subject or task of caring for your car

which requires the use

a course

subject

1983)

or topics often overlap disciplines.
example

in one

a similar thinking process

(Ennis,

discipline-specific.

practices

He proceeds to draw the

learn to

Ennis questions the

within

experiences.

involved are

gained through a number of
Some

of the

defining the problem

isn't working and

it's rusting),

components of the

problem

evaluating

the

or commercials

essential

presenting evidence
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(if the car

analyzing the

(what must be

and magazine

thinking

fixed?),

and

(from your mechanic

articles),

etc.

Ennis argues that critical thinking is always
lodged within a context.
about something.

Thinking is always thinking

Often this context is of an

interdisciplinary nature and therefore

involves

knowledge from several subject areas.

He therefore

believes critical thinking instruction must not be
limited to specific disciplines.

Furthermore he

is

convinced that there are general principles that are
used to think critically,
We believe

regardless of discipline.

in aiding the natural process of

transfer by helping students consciously be aware of
the process,

and in guiding students when exercising

skills in new contexts.

It is important to help

students see similarities in thinking processes as they
are used in different contexts and note which
strategies can be used in a range of settings.
two

These

instructional principles are key regardless of the

discipline.

Gaps in Research

Design Limitations

Current research in critical thinking leaves many
unanswered questions regarding the process of thinking
critically,

effective

instructional practices and the

possibility of transfer.

Norris looks carefully at
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gaps in research in critical thinking.

"While the

conclusion of the studies is usually that
leads to better critical thinkers,

instruction

we do not learn what

specifically makes these students better thinkers and
in what specific ways they can still

improve.

Are they

better thinkers because they have acquired a greater
knowledge of principles of thinking...

or because they

tend to monitor more skillfully the progress of their
own thinking...

(Norris,

1985,

p.

44)

Many studies

claim improved student performance and increased skills
but

lack specific details about ways students may have

improved.
(Norris,

This is often due to limitation in design.
1984)

Norris,

(1985),

asserts that detailed

information on the effects of particular teaching
strategies must be researched in order to help
educators better remediate deficiencies in reasoning
skills.

(Norris,

1985,

Swartz and Perkins

p.

45)

(1989)

argue that

it

is

important to be clear about one's goals when
formulating a program.

One must ask if the goal of the

specific critical thinking program is to improve
critical thinking skills in a specific subject area,
is

or

it to cultivate skills with broader applications

that are apt to have an impact in a range of subects,
though perhaps less dramatically.
important to adjust the

In either case

instructional approach and
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it is

one's expectations according to the goal
Perkins,

1989)

(Swartz and

and then test accordingly.

Many educators feel transfer is possible,
there

is very little empirical data.

Such educators as

Lipman (1988),

Ennis

Papert

Sokoloff (1984b), Williams

(1980),

(1983),

Perkins and Salomon (1988)
transfer.

but that

Gordon & Poze

(1983),
(1984),

and

support the notion of

The success of many of the projects

previously described in this chapter also supports the
notion that critical thinking skills can transfer
across the disciplines,
"transition"

tactics.

although some require
Since research in this area is

insufficient to give a definitive answer to the
question of transfer,

perphaps the focus should be on

determining effective

instructional practices that work

well

in a number of different subject areas.

Testing Instruments

More comprehensive and effective testing methods
and instruments need to be developed.
instruments are often very general,

Testing

confined to a

limited selection of thinking skills or are
ways quite primitive.
different

in other

Most tests do not accommodate

learning styles and their subsequent

expressions.

Faulty thinking can lead to a higher test
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score than is warranted.
Test,

The Cornell Critical Thinking

The Watson-Glaser Critical Thinking Appraisal

Test and the Ennis Weir Critical Thinking Essay Test
&Fe the best known and most respected tests in the
field.

Yet,

Perkins,
1984)

these tests have

1989;

Benderson,

For example,

development

the

limitations

1984;

Norris,

1985;

Paul,

lack of empirical data on skill

is a serious problem.

that many educators,

(Swartz and

as a result,

Ennis

(1983)

argues

are attempting to

teach critical thinking skills but do not really
understand the process.

On the other hand,

there are

educators who notice what critical thinking skills
students seem to be using and who design curricula that
build on the experiences of the children.
type of informal evaluation,
success in their programs.

these educators have found
Project IMPACT,

Neshamininy School District,
Children Project,

Through this

the

New Jersey Technology for

and Trenton High School

in New Jersey

are some of the

leaders in this approach.

(Benderson,

1984)

However,

testing is either non-existent or

offers

limited data.

Barry Beyer summarizes his view of test results
and research findings as follows:
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Research suggests that skills taught in isolation
from subject matter are not likely to transfer
easily to other situations where they can be used
productively.
Research also suggests that skills
taught in isolation from one another are not
likely to become functional.
Furthermore,
research suggests that massed practice of skills
is not as effective in promoting learning as
intermittent practice and reinforcement over a
long period of time.
Thus the research that has
been conducted seems to argue for sequential
instruction of thinking skills across all subject
areas and throughout all grades, K-12.
Few such
curricula exist, but they should be developed.
(Cited in Paul, p.10, 1984)
This is in contrast to Feurstein who believes in an
isolated approach and claims great success with this
approach.
Writing is often used as an evaluation tool

in the

form of essay tests or students writing of final
reports.

Williams

(1984)

gives us cause to question

its validity as a testing device.

As a professor in

English he has carefully studied teaching thinking when
writing in subject areas,

and questions the validity of

some writing tests that purport to test thinking.
found that many students,

He

new to a domain of knowledge,

will demonstrate weaker writing skills until they
become
the

immersed and comfortable

same time,

in the new domain.

At

their writing skills remain constant

other areas where subject matter is familiar.

in

His

findings may influence experts who believe that
thinking skills are not generalizable.

He points out

the difficulty in evaluating a student's understanding
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of a subject by a paper that he/she wrote when the
student was first entering a domain.

One may infer

from this that many tests are not valid because they
are given before students have a foothold in the
subject matter.

Pre and post test could handle this

problem.
Since test results are

inconclusive,

one can

gather guidance from programs that claim success.

We

advocate embedding instruction in curriculum and
providing consistent practice as students mature.
this way,

In

principles outlined in both embedded and

isolated approaches and programs designed for transfer
can be considered when developing a program.

Instructional Principles

Through the study of the viewpoints of these
experts,

a direction can be gained when formulating

curricula.
from the

The following principles can be synthesised

literature

in this chapter.

1.

Instructors should be specific about which skills
are being used in a lesson.
They should work
toward students identifying the skills when they
are using the skills.

2.

Activities should be designed and implemented that
build these skills.

3.

Students should reflect on the thought processes
involved, and in this way develop metacognition.
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4.

Students should consciously look at a situation and
decide and identify which skill(s) or strategies
can best be employed.
Self-reflection on one's
thinking processes should always be encouraged.

5.

Students should always be given the opportunity for
metacognitive thinking.

6.

Instructors should always give extended practice in
steps 1-4, varying the type of problem or context.

7.

This practice should be continued over a long
period of time.

8.

Instructors need to guide students in relating
critical thinking skills used in one discipline to
similar thought processes in another discipline, or
in personal circumstances.

9.

This should be done in the context of concrete
problems.
As students work through the problems,
encourage labeling the skills in action.

10.

Instructors and students should concentrate on
specific skills and work on these.

11.

As students work, methods should be developed to
help them self-reflect, thus building their
executive skills or metacognition.

12.

Instructors should adhere to the principle of
repetition.
Reinforce previously learned critical
thinking skills before emphasising others.
Instruction should be geared to the developmental
level of the students and to their learning styles.

13.

14.

Instruction should emphasize critical thinking
skills in as many areas of the school's curricula
as is possible.

15.

Instructors should help students identify common
fallacies or 'bugs' in thinking, especially in
respect to a specific discipline.

Summary of Points in this Section

In this section the controversy surrounding the
viability of transfer of critical thinking skills was
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discussed.

Many experts feel transfer is dependent on

the type of instruction,
skill>

the type of critical thinking

the context of desired transfer,

presence of instructional bridges.

and the

Aided versus

unaided transfer was discussed as well as problems with
research in critical thinking.
the

In the next section,

literature on problem solving will be discussed in

terms of problem solving as a process and as a means to
teach critical thinking.

Section .4.;.
Problem Solving

When conducting a class in problem solving,
might have the following general goals:
problem solving skills;
skills while
important,

b)

To teach

To teach critical thinking

learning to solve problems.

though the first

instruction.

a)

one

Both are

is often the only focus of

Often critical thinking skills are seen

as a by-product but are not consciously cultivated.
Problem solving is often viewed as a critical thinking
skill

itself without acknowledging the rich repertoire

of critical thinking skills employed when solving a
problem.

Many experts believe that there are generic

critical thinking skills,

though their rules of

application may differ depending on the discipline.
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(Brandt,
(generic)

1988/89a;

Perkins and Salomon,

critical synthesising,

1988)

Such

and planning are

certainly used in problem solving regardless of the
discipline.
In this section we will first look at the
literature on problem solving that emphasises problem
solving as a process.

We will discuss the

characteristics of poor and strong problem solvers,
anatomy of a problem,
methods,

heuristics,

the

instructional

the Polya model of problem solving and other

similar models,

and controversies over teaching problem

solving and the use of strategies.

In the second part

of this section, we will focus on problem solving as a
means to teach critical thinking skills used in problem
solving.

We will draw from the instructional methods

proposed in the previous critical thinking and problem
solving sections and formulate important general
instructional principles that are key when developing a
critical thinking/problem solving curriculum that
encourages transfer.

Problem Solving As A Process

Overview

The pedagogy of problem solving can be traced back
to the time of Aristotle.

(Flower & Hayes,
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1977)

Aristotle s methods continue to have an influence on
today s instructional strategies.
educators,

In current times,

psychologists and philosophers apply their

expertise to better understand the process one
undertakes in solving a problem.

Research literature

also offers educators direction in designing curriculum
to teach problem solving.
1989;

Halpern,

1981;

Flower & Hayes,

Yet,

there

1984;

(Derry,

1989; Weinstein,

Lochhead & Whimbey,
1977;

Hayes,

1981;

1985;

Polya,

Suydam,

1980)

is still much to discover about the

relationship of cognitive development to the learning
process involved in applying specific problem solving
strategies.

(Suydam,

1980;

Derry,

1989)

Context of Problem Solving

Musser and Shaughnessy

(1980) make a point of

stressing the shared characteristics common to any
problem.

"Problems that science,

and consumers face
energy crisis,

government,

business,

in today's world—for example,

rapid transportation,

the

and

inflation—require a broad range of problem solving
strategies as well as a wealth of factual

information.

Perhaps an emphasis on problem solving strategies
throughout the school mathematics program will better
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e<3U^-P

future

encounter."

generations

for the problems

(Musser and Shaughnessy,

Problem solving must be
Too

frequently

confined to

instruction

seen

1980,

p.

There

are

solved and questions to probe.

General principles of

instruction outlined

section coupled with principles of
section on critical

is

Problem solving skills

learning any subject matter.

always pussies to be

145)

in a broad context.

in problem solving

the math classroom.

are used when

they will

in this

instruction

thinking provide

in the

a foundation

for

creation of a solid curriculum to teach problem
solving,

in

subject

specific or broader contexts.

Introduction to Problem. Solving

Polya,
defines the

a

leader

process of

finding a way out
obstacle,

field of problem solving,

solving problems as

of a difficulty,

achievement

Solving problems
of

gift
sake

intelligence
of

is the

and

(hu)mankind."

For

the

the

process by which a solution

understanding

of this paper,

we

is gained.
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".

.

.

a way around an

attaining an aim which was not

attainable.

specific

in the

immediately

specific

intelligence
(Polya,

1981,

is the
p.

ix)

see problem solving as
is

found or better

The

philosopher/mathematician Leibnitz reflects on
a solution:

if we

can

foresee

A method of solution

from the

following that method we
in Polya,

1981,

p.ix;

start,

shall

most

of us need

how to proceed
These

“start-up"
in our

"start-up"

and even prove

attain our aim."

Leibnitz:

perfect method of solution"

Opuscules,

tends to be

problem solving
disciplines,
heuristics

p.

rare

61)

methods

fall

into the

general

strategies.

relevance of

"The

as other

important thing about

they are not rules,

or wrong way,

doing

something—methods which often formalize
procedure

but are

which dictate

right

efficient

to

Because

they make

1977

organize

one's

focus,

cognitive

p.

for
the

an

intuitive

heuristics open complex processes up

the possibility of rational choice."

Hayes,
to

alternative methods

a

a good scientist or journalist

would use unconsciously.
method explicit,

A

and thus

strategies to writing as well

is that

(Quoted

solution of a problem.

concerned with the

write:

that

methods to help us decide on

category of heuristics or problem solving
Flower and Hayes,

is perfect

451)

In this way,

one's thinking,
etc.,

(Flower &

strategies also

simplify a problem,

serve

direct

and thus help prevent memory or

overload.

In the

present

or heuristics are

study,

those

problem solving

strategies

techniques that one uses to
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accomplish the
Metacognition

end goal of solving a problem.
is used

in such techniques,

other thinking skills.

Experts

problem solving give us specific

as well

as

in the pedagogy of
suggestions of ways to

improve problem solving skills through the use of
strategies.

Many of the

descibe,

can be

Leblanc,

Proudfit & Putt,

skills and strategies they

taught to children.
1980)

can be used when programming
when

studying other

will be

described

subject

(Suydam,

1980,

These basic

in Logo,
areas.

strategies

when writing,

These

and

strategies

later.

Study of Good and Poor Problem Solvers Lends

Insight.

Into Needed Qualities

Characteristics of Good Problem Solvers

Understanding the

characteristics of good and poor

problem solving can offer direction as to

goal

setting

and designing curriculum that can help students become
better problem solvers.
problem solver
problem.
that many
of

is his/her ability to redefine

(Williams,

1984)

Schoenfield

(1980)

the
indicates

scientists and mathematicians rely on a store

specific

full

The mark of an experienced

strategies to

of tricks"

that

developed executive

solve problems.

A

'pocket

are consciously accessible and a
function for remembering the
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repertoire and choosing specific

"tricks"

elements for a strong problem solver.
Lochhead

(1980)

are

important

Whimbey &

list the following characteristics of

expert problem solvers:

1.

Positive Attitude
First of all, good problem solvers have a
strong belief that academic reasoning
problems can be solved through careful,
persistent analysis.

2.

Concern for Accuracy
Good problem solvers take great care to
understand the facts and relationships in a
problem fully and accurately.

3.

Breaking the Problem into Parts
Good problem solvers have learned that
problems and ideas consists of breaking the
ideas into smaller parts. They have learned
to attack a problem by starting at a point
where they can make some sense of it, and
then proceeding from there.

4.

Avoiding Guessing
Good problem solvers tend to work problems
from beginning to end in small, careful
steps.

5.

Activeness in Problem Solving
...{problem solvers} do {many} more things as
they try to understand and answer difficult
questions..all in all, good problem solvers
are active in as many ways which improve
their accuracy and help them get a clearer
understanding of ideas and problems. (Whimbey
& Lochhead, 1980, p. 28)
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Characteristics of Poor Problem Solvers

Among poor problem solvers there are many shared
characteristics.
impatient for
problem.

Poor problem solvers are frequently

immediate and easy pathways into the

They may get easily discouraged and stop

working on the problem.
experience

They tend to have

little

in solving problems that require

deliberation.

lengthy

They may have little confidence

in their

abilities and are not trained or practiced in using
specific strategies.
least resistance,

They tend to take the path of

which often results in dead ends.

They may not know that experts sometimes also feel
frustrated at a dead end.

Many have not developed their

executive functions and may impulsively jump to
conclusions or choose

inappropriate strategies.

They

may rush into a problem,

before carefully studying all

aspects of the problem.

Children in particular have

difficulty isolating the critical aspects of problems.
Specific training and guided experiences using
heuristics

(strategies)

can avert many of these

problems from developing.
Suydam,

(Whimbey & Lochhead,

1980)

100

1980;

Anatomy——a Problem;—Stages

of a Prohif^

gives us scaffolding from which we can
view the problem solving process.

She uses the model

presented by Newell and Simon (1972):

"The anatomy of

a problem can be thought of as having a starting or
initial state and a final or goal state.

All strategies

considered and steps taken until the solution is
realized and all

information needed to solve the

problem are part of the problem state

(or process).

Rules and known or implied constraints on the
are

included.

writing,

(Halpern,

1984)

For example,

problem

when

conventions of the English language determine

the rules.

Examples of other constraints are the

of the text,

purpose of the paper,

expected discourse,

etc.

Often,

length

nature of the

the thinker needs to

create a way to organize all aspects of the problem.
Strategies are the tools to do this.
other educators

(Derry,

Swartz and Perkins,
Lockhead 1980;
1985)

Barbieri,

1984;

1988/89b;

Suydam,

1980;

and

1989;

Whimbey &

DeBono,

have outlined strategies that are often found to

be useful.
math,

(1981)

1989; Weinstein et.al.,

1989;

Halpern,

Polya

Strategies can be applied to problems in

writing and other subjects.

considering a problem in writing,
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For example,

when

definite strategies

are used to clarify and define the topic,
thoughts,

sequence

and edit final copy.

Decision making,

creative thinking and many of the

critical thinking skills named earlier are used in
solving problems.
disciplines.

Many experts describe specific stages in

solving problems,
are

This includes problems in all

intermixed.

though others feel that the stages

(Halpern,

1984)

Therefore,

the same

general critical thinking skills may be used in
different stages.
The following are some of the hypothesized stages.
(Halpern,

1984)

The first stage is preparation.

At

this point the problem solver seeks to understand the
nature of the problem and defines the problem.

The

production stage follows when the problem solver
brainstorms solution paths and gathers all
needed to decide on a strategy.
evaluation or judgment stage.

The third stage is the
The problem solver

decides which strategies to follow.
the

fourth stage,

chance.

the

information

The occurrence of

incubation stage,

is subject to

It refers to the spontaneous insight that

emerges when the problem solver is not concentrating on
the problem.

(Halpern,

1984)

The

by the moment of "solution."
(parameters of the problem)

last stage

is marked

Defining problem space
and delineating the phases

of solving a problem set the foundation for looking at

102

the process of solving a problem and what steps a
problem solver might take.
problem solving:
Polya model

There are several models of

each uniquely defines each phase.

The

is one that is considered a standard.

It

will serve as a foundation for the curriculum.

The Polva Model

Four Stages

Polya

(1981)

offers a concrete structure that can

help one utilize the concept of a "problems anatomy".
Polya outlines four stages in the problem solving
process:

1.)

gaining access into the problem by

understanding and defining the question,
information;

2.)

problem;

executing the plan,

3. )

necessary;

deciding on a plan to solve the

and 4.)

the solution.

and gathering

altering it if

finding the solution and reviewing

Central to the Polya Model

of defining the problem,

is the

idea

breaking it into parts,

extending one's understanding of each part,

and if

necessary solving the mini-problems in each part.
that point,

At

one synthesizes the elements and works

towards a solution.

(Polya,

1981)

This process

includes the previously defined macro-skills of
questioning,
synthesizing,

defining,

analyzing,

and revising.
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organising,

In the classroom one might

wish to outline the steps as follows:
problem;

2.) make a plan;

and review.

3.)

1.)

define the

try the plan;

4.)

solve

Following these four steps provides a

general approach to the problem and can be considered a
strategy in itself.

The steps described in this Polya

Four—Step Model of Problem Solving are not always
followed in a linear fashion as one may return to step
1 or 2 repeatedly,
particular problem.

depending on the requirements of the
The macro-critical thinking skills

are employed as needed.

This will be demonstrated in

the dissertation.

Aspects of the Polya Model Occur in Other Models Also

Whether one

is problem solving in math or writing,

similar strategies are used.

When one studies models

of problem solving in different disciplines,
parallels.

For example,

the Polya Model

one sees

is very

similar to the generalized problem solving model
human services and other professions.
Manual,

1974)

in

(Drug Help Staff

The following protocol might be typical

of a generalized problem solving session:

1.

Define the problem.

2.

Restate the problem.

3.

Gather information that will help in solving the
problem.
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4.

Write down questions and gather more information.

5.

Categorize questions,
parts.

6.

Decide on a strategy to solve general problem
and/or parts of problem.

7-

Play with each part of the problem,
properties and attributes.

8.

Proceed with strategy/ies and periodically
reevaluate strategy's effectiveness.

9.

Allow for spontaneous insight and make an
accommodation for the ideas to incubate.

10

Repeat steps 2-8 until all of problem or parts of
problem have been solved.

11.

If necessary,

12.

Synthesize parts into a

13.

Find the solution,

or break the problem into

testing its

redefine problem.
'whole.'

or go back to relevant steps.

Different disciplines have their own model for solving
problems.

The models are often remarkably similar in

terms of using general strategies.

Most models divide

the process of problem solving into parts.
reach the goal of solving the problem,

This is to

but also to

attain a better understanding of the type of strategies
that will be useful.

Strategies/Heuristics

Overview

A general approach can serve as an umbrella for
problem solving strategies called heuristics.
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This

''umbrella"
reminder
what

can serve

as an organizing tool

for the problem solver to pause

strategies

helpful.

Research

indicates that

strategies can

ability.

(Swartz
1980)

Marilyn N.

solving

1.

instruction

in

improve problem-solving

and Perkins,

Untangling Clues
gives us

and reflect on

in his/her own repertoire might be

specific

Suydam,

and as a

1989;

Suydam

Halpern,

(1980),

1984;

in her article.

from Research on Problem Solving,"

suggestions

for teaching children problem

in mathematics.

Teach children a variety of strategies that
they can apply in different problem-solving
situations, plus an overall plan for how to
about solving problems;

go

2.

Use questions to focus the child's attention on
the pertinent information given in the problem.
Give them practice with many types of problems;

3.

Encourage children to consider different
strategies that might be used to solve the
problem; and

4.

After they have reached a solution, encourage
the children to look back over their work and
reconsider their own thinking to describe it
and to note how they might have solved the
problem differently, better, or more
efficiently, (p. 44)

These

same

problems

suggestions can be

in Logo,

in writing,

simulations.

106

applied to

solving

and when using

Examples of Heuristics

Educators
Hayes

(1981),

Lochhead

such as Polya

Flower and Hayes

(1980);

strategies.

(1981),

and Derry

We've

Halpern

(1977),

(1989)

also

compiled a sample

(1984),

Whimbey and
give

examples of

of these below:

1.

Represent the problem. This includes creating
graphs, diagrams, maps, idea trees, prose, etc.

2.

Restate the problem. Nutshell the problem.
(Describe the problem in as few words as possible.)

3-

Think of a related problem and try to solve that
first.
If possible look at solutions of related
problems and make inferences that will help solve
the problem under question.

4.

Think of an analogy or metaphor that will help make
the problem clearer or provide understanding.

5.

Break the problem into parts and try and solve
part. (See Polya model)

6.

Play with each part of the problem, extending
understanding of each part as far as possible.
Isolate different variables and play with them
the same fashion.

each

in

7.

Do a random search for clues or use trial and error
in playing with aspects of the problem.
If
helpful, divide and use this tactic on specified
parts of a problem. This is known as the split-half
method.
At the same time, look for "bugs in
thinking."

9.

Use another person as a resource.
'Employ' that
person as an interviewer.
Use the opportunity to
clarify thinking and raise new questions. Consult
an expert or a peer for new information, a new
perspective or a hint that may "unlock the
door."

10.

Work backwards towards a solution, and then
forwards to concretize understanding, or vice
versa.
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11.

Verbalize thinking while solving the problem.
Michelene Chi (1980) indicates that children can
use strategies that may seem overly sophisticated
for their age if adequate representations are
given.
Whimbey and Lochhead

most

difficult part of

ability to
well

aware

relate

"Usually the

components

To do this

the

into a

learner needs

aspects of his/her performance

to each other as well

as one's

strategies alone

unless metacognitive

that

is developing the

effectively all

of how all

suggests that

argue

learning

coordinated system.

to be

This

integrate

(1980)

elements are

ideal."

are not

also

(p.

12)

sufficient

stressed.

Proper representations of strategies with a

stress on

metacognition,

studied,

are

appropriate

to

the knowledge

crucial.

Benefits

Scardamalia and Bereiter
intellectual

development

accommodating

thought

constraints.

They argue

monitoring must be
of understanding,

to

simple
without

(1980/81)

propose

is mainly a matter of
increasingly complex
that effective
enough to
also

aid

executive
in the process

increasing cognitive

demands.

Furthermore,

to handle

the many elements of a task and

thinking more

deep'ly.

that

strategies can enable

Results
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learners

lead to

from their work with

upper elementary age
indicate
more

students on writing skills

that work with strategies can

complex

levels of thinking.

lead students to

They also warn that

teaching of strategies alone will not work unless
students are motivated
We believe,
heuristics,

in their use.

that with proper training

solving problems

in

in a supportive

environment can:

1*

Ignite

and sustain a critical thinking

2.

Create a love of exploring, and promote a
willingness to make mistakes and see them as bugs
in thinking.

3.

Give the realization that words,
theories are malleable.

4.

Accustom the students to choose consciously an
appropriate strategy for a particular problem and
encourage flexibility in shifting from one
appropriate strategy to another appropriate
strategy.

5.

Demonstrate that everyone experiences blind corners
and moments of frustration when solving a problem,
and that sticking with a problem can bring success.

6.

Remind students that
call on for help.

7.

Concretize the notion that peers are
solving a problem.

8.

Introduce the practice of calling on an "expert''
for a new perspective, modeling, clues or help in
isolating critical elements of a problem.

9.

Introduce

10.

Help students recognize that organization tools can
make the task easier, save time, and clarify

the

love

there are

ideas,

spirit.

and

always resources to

resources

in

of debugging.

thinking.
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11.

Help students realize that the process of solving a
problem provides valuable experience for solving
future problems.

12.

Serve as a means to consciously
thinking skills.

strengthen critical

Computers And Problem Solving

In the middle
study
use

include

Logo,

schools,

links work

classroom

areas of computer

writing with a word processor,

of simulations.

that

general

There

in these

is no published

areas

in a systematic way.

there

is an

skills,

There

(Safrit et.

are many

link problem solving skills used

of

software

teach Logo

that problem solving

but

effort made

in different

indications that

(Collison,

in Logo can have

impact on performance

though empirical evidence
are

1988)

pieces

or to non-computer work.

Many educators who

positive

al.,

fine

thinking and

inconsistency of terms and no

to

believe

literature

in the computer

software programs that emphasize critical
problem solving

and

is currently

an effective

their problem solving experience

lacking.

There

instructional
the benefits of

in Logo.

in Chapter Three
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a

in other subjects,

approach would help students maximize

further discussed

1988)

of the

This will be
dissertation.

A process approach to writing is sometimes used
when teaching writing with a word processor.
1984;

Piper,

1983)

The

(O'Brien,

impact of this approach could

be stronger if general principles of problem solving
were presented as part of this process and parallels
were drawn.

Again,

use of consistent terminology and

emphasis on specific general strategies would alone
help students make the connection between problem
solving in writing and Logo.
Simulations are frequently presented without
students being given direction in how to analyze and
control the different variables.
approach to the problem,
strategies,

Providing a general

and emphasis of specific

would help organize students'

thinking and

deepen their learning process as they use the
simulation.

Moreover,

it would give them the general

tools to approach many different types of simulations.
Use of consistent terminology,

a general approach

and generalizable strategies, would help students build
links between the different subjects studied in and out
of the computer classroom.

There

is clearly a need for

an instructional approach that would build on students
experiences when problem solving in a computer
classroom.

We will discuss a means to fill this need

in Chapter Three of the dissertation.

Ill

Dangers of Teaching Problem Solving and Strategies

Tempered Approach to Teaching Strat.PPiP.g
In conflict with supporters of providing a
teaching framework or strategies are educators who
argue that the

same strategies cannot be applied in

different subject areas because the thinking,
operations,

and applications are different for each

discipline.

(Resnick,

advocate,

1987)

With the approach we

students are explicity taught how to use

general strategies in different subject areas.
this approach we hope to promote transfer.

With

Another

controversy is whether prescribed approaches are
unnecessary or counter-productive.

Scardamalia (1981)

argues that use of a teaching framework alone presents
a danger of using a recipe-like approach.
result

This can

in a faulty sense of clear thinking or in a

rigidity that creates an obstacle to finding more
intuitive ways to handle the problem.

At any point,

any student should feel free to drop a strategy if it
seems superfluous or unhelpful.
may

lead the

and Bereiter

Shortcuts or insights

learner to a direct solution.
(1981)

Scardamalia

give the following analogy.

When

creating a sculpture the artist may plan to use tools
to achieve his/her ends,
her/his hands may roam,

but moved by the moment,
moving,
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adding or deleting

parts and spontaneously bringing the work of art to
completion.

A friend may arrive,

give an opinion,

the sculpture might be changed as a result.

and

Students

should feel free to use all resources available, which
includes strategies.
describe strategies

Perkins and Salomon (1988)
"as extenders and amplifiers that

begin wherever students are and help them to go
further."

(p.

77)

Proper attitude on the part of the teacher for
effective use of a framework is imperative.

Teacher

behaviours such as encouraging of questioning of
authority,
taking,
are

rewarding verbalization of ideas,

risk

and emphasizing the proper place of knowledge

important.

coaching is

Also,

the notion of appropriate

important to consider.

Teachers must

determine when and if to intervene and when to suggest
following specific steps rather than a more

intuitive

approach.

Potential of Cognitive Overload

In contrast to the approach of using problems to
teach a subject

is the view that problems themselves

can present the

learners with so many variables that

cognitive overload can result.
Sweller

(Sweller,

1988)

(1988) warns that we may in fact be
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limiting

students in their ability to develop schemas about
topics by presenting problems as a learning tool.
recently aired controversial viewpoint
research but

it

This

is supported by

is still being debated.

In the context of the dissertation,

we speak in

terms of confronting problems that exist within subject
areas,

by the very nature of the subject.

when writing,

invariably,

to define the topic,
sequence tasks,

For example,

the writer has the necessity

organize

ideas and information,

analyze and synthesize

ideas,

etc.

Writers often use strategies to attend to these
unsolved puzzles.

By viewing the task as a problem,

one has the opportunity to choose general strategies as
an aid to organize thoughts.
when programming in Logo,

This is also true and

and when using a simulation

to explore an idea.
In the case of computer simulations,

one could

view simulations as an artificial way to understand a
topic.

However,

some simulations refer to real

problems—be they in science,
economics,

etc.

social studies,

life

politics,

Strategies can clarify thinking.

Problems presented in simulations also give the

learner

the opportunity to generate questions—which in turn
promotes thinking in the particular subject.
There are many ways to teach a discipline
presenting problems to exercise skills may not always
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be appropriate or may even be counter-productive.
dissertation is not about this controversy;

The

rather it

presents a means for students to solve problems that
students naturally encounter within a discipline,

or

problems that educators deem valuable to present.

What

we are arguing for is not that teachers should present
problem solving as a means of understanding a subject,
but rather that students confronting problems when
studying a subject can benefit from strategies that
help clarify thinking,

and that an emphasis on the use

of metacognition can be beneficial.

The Relationship of Critical Thinking Skills and
Problem Solving

Overview

Polya's approach to problem solving and use of
strategies is effective.

However,

we argue that it

is

not sufficient to just focus on the process but also to
incorporate direct

instruction in critical thinking

while employing strategies.
Recently,

there have been a number of educators

who refer to a category of strategies that can be used
in a broad range of contexts.
(1985),

Derry

(1989),

DeBono

and others advocate this type of approach.

Talents Unlimited and SES are examples of programs that
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are based on this idea.

Though a growing number of

educators are beginning to experiment with this
approach and report good student progress,

there is a

dearth of research regarding the effect of specific
strategies.

We suggest that the focus on specific

cr^^'^cal thinking skills used within the strategies can
result

in strengthening these very skills and the

executive functions that monitor their use.
In this sub-section we will look at the
intersection of critical thinking and problem solving
skills and the

instructional principles used in

critical thinking and problem solving.

We will

determine which approaches would be most useful in
building a problem solving curriculum that consciously
teaches critical thinking while helping students become
better problem solvers.

The very strategies that aid

students in solving problems can provide needed
practice using specific critical thinking skills.
We have taught applications of problem solving
strategies in the classroom and found students able to
generalize their use and to repeatedly use specific
critical thinking skills such as questioning,
defining,
Perkins

etc.

(1989)

as they used the strategies.

planning,
Swartz and

have advocated this type of approach as

a way to maximize the effect of teaching critical
thinking skills while strengthening problem solving
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skills.

From reflection on these experiences,

studies of the research literature,

the

pedagogy in this dissertation evolved,

and

ideas of the
and the

foundation for the subsequent curriculum began to be
developed.

This will be explored further in the

dissertation,

expecially in the context of applications

in the computer classroom.

Six Critical Thinking

Skills Used in Problem Solving

The macro-skills of questioning,
analyzing,

organising

synthesizing,

defining,

(which includes planning),

and revising are used in the four stages

of the Polya model.

These generalized thinking skills

are part of each discipline's repertoire.

(Smith,

1985)

The skill of questioning is the art of evolving
questions that are pertinent to one's understanding of
the problem space.

It involves focusing skills,

verbalizing skills,

and may involve all of the

macro-skills listed above.

The process of defining is

the setting of parameters on a problem,

on the meaning

of a word or even on the scope of a question.
Organizing,

one of the macro-skills,

refers to the

habits of the mind when trying to understand material.
In order to plan,

one must use organizing skills.

plans for organizing actions are heuristics or
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The

strategies.

In other words,

it is the way that the

mind consciously approaches the problem.

Metacognition

is intrinsic to the process of organizing.

If habits

of the mind prevail, without the use of effective
executive thinking functions,

the

level of organization

might be quite rudimentary or even inefficient for a
particular problem.

The increased use of metacognition

and specific heuristics will strengthen the mental
capacity for organizing.
When analyzing,

one breaks a question or a

situation into parts and uses many of these
macro-skills to understand the nature of the question
or situation.

Analyzing may involve dialectical

thinking and metacognition.

Analysis generally occurs

recursively during the process of solving a problem.
Webster defines synthesis as "the complex whole
formed by combining."
solving,

it

is the

about the problem,

In the context of problem

integration of all

information known

including products of insight.

This

is also a recursive part of problem solving and is
aided by all of the macro-skills.

Revising offers an

important element to the process of synthesizing
information.
reviewing,

Revising is the thinking process of

and evaluating previous thoughts and

actions.

The executive function is always part of

revising,

though sometimes it
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is used in a low-level

fashion.

These six macro-skills are generally used in

the problem solving process.

Strategies and Critical Thinking Skills
More and more,

strategies are not only taught

in

the context of problem solving as a means to an end,
but also as a means of teaching thinking within problem
solving.
However,

(Brandt,

1988/89a;

Swartz and Perkins,

1989)

many educators do not also focus on the

executive functions that can make the use of the
strategies more effective or meaningful for the
learner.

Nor are there many general

"umbrellas" or

teaching/learning frameworks that give a context to
strategies.

Such a framework could lessen possible

cognitive overload.

The strategies then could serve as

better tools rather than becoming taxing in themselves.
The problem solving skills of defining,
analyzing,

organizing,

well as other skills,
strategies.

synthesizing,

questioning,

and revising,

as

are used in several heuristic

Problem solvers succesfully apply critical

thinking skills in order to successfully use
strategies.

For example, when using the strategy of

breaking a problem into parts,
skill of analyzing is used.

the critical thinking

The following tables

(3-5)

demonstrate relationships between critical thinking.

119

problem solving and strategies.

Table Three explores

the relationship of specific strategies to critical
thinking skills.

Table 3

Critical Thinking Skills Used in Strategies

The following table gives examples of problem solving
strategies that involve specific critical thinking
skills:

DEFINING:

- State the problem in a nutshell.

EVALUATING:

- Ask oneself questions as one proceeds
and when one finishes a task.
- Develop and use a checklist to
determine completion or quality.

ANALYZING:

- Ask specific questions.
- Break the problem into parts.
- Sequence the steps that one needs to
take.
- Brainstorm a list of questions,
thinking skills and strategies that
use these skills.
- Determine what is different about
this problem compared to others.

QUESTIONING:

- Brainstorm a list of questions.
- Ask a friend to ask questions.
- Use a checklist of questions during
the process and at the end.

120

Ask pre-determined questions that aid
in reflection of one's own thinking.
PLANNING:

- Break the problem into parts and
determine the steps to take.
- Sequence the steps.
- Use a checklist.
- Draw diagrams that aid in planning
and that may deepen understanding.

SYNTHESIZING:

- Look at how the parts relate to the
whole by asking questions.
- Draw diagrams that represent
relationships.
- Pause and periodically ask oneself
questions that promote self reflection on one's line of thinking.

SELF-REFLECTIONS/
METACOGNITIVE SKILLS:
- Verbalize one's thinking
- Ask a friend to listen to one's
thoughts and ask questions for
clarity.
- Keep a journal, recording one's key
thoughts and actions as one solves a
problem, later evaluate the direction
of one's thinking.
- Ask oneself a pre-determined set of
questions as one works, that aids in
self-reflection.

Taxonomy of Problem Solving Skills and Their
Connection to Critical Thinking Skills
Barbara Stanger developed a matrix of problem
solving skills and strategies that are
5.

Terms differ in the

literature,
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listed on Table

but similar

processes can be correlated with each other.
sake
4

of example,

and 5.

terms

Logo

Viewed together,

They are

adapted from one
some

of the

sake

of example,

each

"powerful

below,

tables

we

in problem solving.

created by Watt

we

assign critical

idea"

and number each

show a correspondence

skill or

traced back to Table
critical
The
where

thinking

to

domain

strategy.

3 to

critical

lay the

in a discipline while

discussed

is

that expresses
in Logo.

For the

This

identify the

In Table

idea next

to a

in turn can be
accompanying

examples of places

ideas

intersect.

skills and
This type of

groundwork for determining which
should be

foci

in

instruction

teaching problem solving.

In the

specific problem solving strategies will
in terms of their use

in the

computer

classroom and as a means of strengthening specific
critical

4

skills described

thinking and problem solving

thinking skills

section,

5

skills.

specific powerful

analysis can

Table

"idea."

the

following tables represent

critical

thinking skills

thinking skills to

Stanger by placing the number of an

next

link Stanger's

(1985)

significant concepts found

corresponding

be

these

in Table

a means of demonstrating how thought

processes are used

by

is used as a focal point

for problem solving with critical

in Logo.

For the

thinking

skills.
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Table

Powerful Ideas in Logo

4

in Relationship to

Critical

Thinking Skills

When
concepts.

learning Logo,

Watts presents us with a

concepts which are
be

considered

six critical

"Powerful
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

students work with a number of

termed

strategies.

"Powerful
We

relate

list of these
Ideas."

Some may

the concepts to

thinking skills.

Ideas

in Logo"

Exploration and Discovery
Theory Building and
Problem Solving
Describing and Defining
Naming
Debugging
Procedures
(Sequencing)
Variables
Repeating Patterns
Conditionals
Thinking About Learning and
Learning About Thinking"
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Critical Thinking
Questioning
Synthesizing
Defining
Revising
Organizing
Analyzing
Analyzing
Organizing
Analyzing
All

six categories

Table

Matrix

Of

Froblem-So]vlng

This table
can

Skills

and

ideas

thinking skills

in Logo,

linked

4.

Powerful

Concrete concepts
Defined concepts
Higher order rules
Control

which were

in Table

Cognitive Skills:
Discrimination,
Attributes and Rules

Cognitive

Strategies

demonstrates how problem solving skills

link with powerful

with critical

5

Ideas

»

3
3,4

1,2,6,7,8,9

Strategies

Information gathering
Simultaneous scanning
Openess to insight and flexibility
Identifying multiple solutions
Examining assumptions
Working Backwards
Using a model
Estimating, predicting, projecting
Restating the problem
Making organized lists
Analyzing
Conservative Focusing
Focus Gambling

1,2,3,5,8
1,2,5,8
1,2,10
1,2,5,10

1,2,3,5,6,7,8,9,10
1.2.3.5.6.7.8.9.10

2.10
1,2,5,6,7,8,10

, ,

1 2
1,2,5,6
1,2,3,5,6,7,8,9,10

1,2,5,8
1,2,5,8

Creativity
Process of
programming
in Logo

Fluency
Elaboration
Originality
Elaboration
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Intersection of Critical Thinking and Problem Solving:

Instructional Practices

In this chapter,

support has been presented for

the need to teach critical thinking skills and problem
solving and the effectiveness of specific teaching
practices.

These practices can be grouped into eight

general elements for effective

instruction,

teaching practices that promote transfer.

and for

They are

given in the following lists.

Four Elements of Instruction to Teach Critical
Thinking and Problem Solving
1.

Stress development of metacognition.

2.

Encourage use of a general approach to problem
solving.

3.

Encourage use of Strategies.

4.

Stress development of inquisitiveness i.e.,
critical thinking spirit.

a

Four Teaching Elements to Promote Transfer
1.

Use consistent terminology

2.

Encourage

3.

Continue to build bridges between different
situations where the same general skills or
strategies are used through conscious application
of strategies and review of their effectiveness.

4.

Encourage students to develop their own
applications for skills and strategies and to
discuss the impact of their use.

labeling skills as they are used.
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In Chapter Three of the dissertation,

specifics

will be given regarding the type of general approach
advocated,

strategies effective for Logo writing and

use of simulations,

and practices to promote

metacognition and a critical thinking spirit.
doing,

In so

support will be given for the choice of

strategies and critical thinking skills chosen,
terms of their use

in Logo,

writing,

in

and use of

simulations.

Underlying Assumptions and Premises of the Pedagogy

After considering the principles outlined in the
previous sections,

the pedagogy will be based on the

following premises.

1.

Critical thinking and problem solving skills can be
taught.
Problem solving skills are an integral
part of critical thinking skills.

2.

Instruction in problem solving makes better problem
solvers. A process approach to solving problems can
help students become strong problem solvers.

3.

The problem solving process can be a focalizer to
teach specific critical thinking skills.

4.

Embedding instruction in problem solving/critical
thinking within subject matter is an effective way
to teach these skills.

5.

An emphasis on developing metacognition, consciouly
applying a general approach and specific
strategies, and developing a critical thinking
spirit is helpful.
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6.

Students can strengthen these skills through
consistent reinforcement in different contexts and
within different subject areas.

7.

A unified approach can provide an important
springboard for students to apply these skills
independently in new contexts, thus promoting
generalisation.

Summary

In summary,
process.

problem solving can be seen as a

Used well,

strategies,

a general approach,

specific

and consciousness about one's thinking can

help improve one's problem solving abilities.
Educators concerned about this approach warn that
must not become rigid.

it

Students should be free to

leave this structure when that is deemed useful and
appropriate.

The structure serves as a guide that can

help prevent cognitive overload and also provide a
framework from which to generate

ideas.

Such

instruction has proved helpful in improving students'
problem solving abilities.
There are those who question the validity of
teaching through using problems or teaching techniques.
A proper attitude on the teacher's part can ensure that
the

forementioned approach is an aid and not a

hindrance.

Part of the process of teaching problem

solving should involve helping students develop schemas
about the topic or area studied.
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Problem solving can be used as a tool to deepen
thinking skills.

Through conscious use of

critical thinking skills when applying strategies,
students can learn to strengthen these skills and come
to see how the same general skills are used in a
variety of circumstances.
Critical thinking skills are used when employing
strategies.

Therefore one must see which instructional

practices are common to both the teaching of problem
solving and critical thinking.
broken into four general

This intersection was

instructional elements and

four teaching practices to promote transfer.
In Chapter Three of the dissertation,

these four-

elements for instruction and four teaching practices
will be discussed in terms of specific methods and
strategies that will be advocated in the curriculum and
in terms of their application in Logo, writing and use
of simulations.

The research literature

in these three

subject areas will be discussed in terms of developing
effective curriculum to teach critical thinking and
problem solving skills.
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Section 5:
Methodology and Content

Through a review of literature of critical
thinking,

problem solving,

writing,

Logo,

related areas of study, we will derive

and other

instructional

principles important to consider when formulating a
pedagogy to teach critical thinking/problem solving in
a 6th grade computer classroom.

We will present a

rationale for a unified framework to teach critical
thinking/problem solving and describe said framework.
A description of the curriculum resource book will
follow.

The curriculum resource book,

Appendix A,

will

include

found in

instructions on how to use the

framework and curriculum units that can be used in a
6th grade computer classroom.
The first step of the study is to derive
instructional principles by reviewing the

important

literature on

critical thinking and problem solving

(Chapter Two of

the dissertation).

a theoretical

In Chapter Three,

framework for the curriculum is presented.

The first

part of the chapter will be devoted to theory.

A

rationale for a unified instructional framework and
criteria for

its development will be included.

considerations concerning application of the
in subject areas will be discussed.

framework

As the curriculum

resource book will be designed for use
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Special

in a computer

classroom,

research literature on Logo,

simulations,

writing,

using

and other related areas are explored in

terms of teaching problem solving.

Parallels are drawn

between the problem solving processes present when
working with Logo,

writing,

and simulations.

These are

taken into account when developing a pedagogy to teach
critical thinking and problem solving in a sixth grade
computer classroom.

In the second part of the chap'ter.

a unified framework is described in detail

including

major instructional components.
The fourth chapter of the dissertation is a
description of the curriculum resource book found in
Appendix A.
In the

last chapter.

Chapter Five, we discuss

possible next steps in using this framework and
curriculum and ideas for future research directions.
The curriculum resource book in Appendix A is
divided into two sections.

The first will

include a

resource book for teachers that uses the developed
framework.

This resource book is divided into seven

units.

The first three give teachers the foundation to

use the

instructional framework and guidelines for

implementation.
rationale,

An overview of the approach,

a

description and implementation of the

unified framework,

a brief overview of research in

critical thinking and problem solving,
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and a reference

booklet of suggested heuristics are

included.

It aleo

includes instructions on how to efficiently use the
guidebook and how to remodel current curriculum in
ffsrsnt subject areas.

The

last four units of the

guidebook give curriculum examples in Logo, writing and
use of simulations.

Each module of curriculum includes

an evaluation tool for the teacher and for the
students.
In the second section of Appendix A,
discuss the results of some of the

we briefly

informal pilots

using earlier versions of the curriculum and their
influence on the development of the final version.
The following is an outline of the dissertation.

I.

Developing a unified framework to teach critical
thinking/problem solving
A.

Rationale

B.

General

instructional principles important to

the framework
II.

Practical considerations in application:
importance of developing criteria for use in
different subject areas
A.

Questions to consider when developing a
unified framework and effective curriculum for
different subject areas in a computer
classroom
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B.

Logo and problem solving
1.

Overview

2.

Benefits of problem solving with Logo and
relevant research findings

3.
C.

Criteria for effective

instruction

The writing process and problem solving
1.

Overview

2.

Writing with a wordprocessor and the
process approach

3.

Writing as a problem solving process and
relevant research findings

4.
D.

Criteria for effective

instruction

Simulations and problem solving
1.

Overview

2.

Benefits of using simulations

3.

Effective use of problem solving strategies
when using a simulation and relevant
research findings

4.
E.

Criteria for effective

instruction

Parallels in problem solving in Logo, writing,
and using simulations

F.

General criteria for instruction in critical
thinking

and problem solving to be used in

above three areas
III.

Theoretical Base and description of framework and
criteria for curriculum development
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IV.

Description of curriculum resource book

V.

Conclusions and recommendations for further
research

VI.

Appendices
A.

Curriculum resource book
1.

Introduction
a.

General purpose

b.

Rationale

c.

Goals

d.

Description of contents of the resource
book and instructions on how to use the
book

2.

Research findings helpful for the teacher:
"What research tells us."

3.

4.

Getting started
a.

Instructional framework

b.

Implementation

c.

Collaboration between teachers

d.

Remodeling curriculum

Curriculum units
a.

b.

Expert Problem Solvers
a) .

Goals

b) .

Curriculum examples

c) .

Evaluation tool

Teaching Problem Solving with Logo
a).

Goals
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c.

d.

B.

b) .

Curriculum examples

c) .

Evaluation tool

Teaching Writing Through Problem Solving
a) .

Goals

b) .

Curriculum Examples

c) .

Evaluation tool

Problem Solving with Simulations
a) .

Goals

b) .

Curriculum Examples

c) .

Evaluation tool

Commentary on

informal pilots of parts of

curriculum.
VII.

Bibliography
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CHAPTER

THREE

UNIFIED FRAMEWORK

In this chapter a unified framework for teaching
critical

thinking and problem solving will be

presented.

We will briefly review the

relates to problem solving and Logo,
of

simulations.

We

relate

the

research which

writing,

and use

application of a unified

framework to each area.

Developing a Unified Framework

A unified framework that

stresses the

same

instructional principles regardless of the
offer a great deal

to

students

in any other

class.

terminology,

strategies,

critical

acquire both a

strategies

that

contexts.

A synthesis of

thinking spirit,

principles can be

students

love of problem solving and

as an appreciation of the

they have used

the

of

and an emphasis on

thinking as well

presented at

in a computer class or

Through consistent use

metacognition and a critical
can begin to

subject can

in many different

instructional

end of the

principles was

last chapter.

reformulated

framework.
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into

These

a unified

When designing a unified framework,
considerations are
student

important:

instruction,

three

teacher perspective,

and teacher networking.

Teacher

perspective refers to the teacher as planner and
monitor of the process.

Student instruction refers to

the process of teaching students and evaluating and
adjusting the aproach as deemed necessary.

Teacher

networking involves the communication between classroom
teachers and computer teachers regarding the methods of
instruction used and terminology stressed so as to
offer the possibility of using similar practices in
classroom subjects outside the computer classroom.
Benefits of this practice should be stressed.

These

elements will be covered in the curriculum resource
book in Appendix A.
In addition, when formulating a unified framework
for

instruction,

it

is important to consider

recommended instructional methods for each subject
under focus.

It

is important to consider the special

features of each discipline as well as the areas where
the same general problem solving methods may be
employed.

When developing a framework,

criteria must

be established in order to judge whether the framework
will work effectively with each subject area.
necessity,

Of

each subject will have different evaluation

criteria and involve domain-specific information.
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When

thinking about comparing instructional methods with
respect to the critical thinking and problem solving in
Logo,

writing and use of simulations,

three general

categories of possible intersections should be
considered.

They are:

1.

Technical - referring to specific information for
each subject area.

2.

Reflective - referring to accountability and the
direction of study, and the attainment of goals.

3.

Strategy and thinking skill development - referring
to the labeling and identifying of skills and
determining what critical thinking and problem
solving skills and strategies would be most helpful.
After looking at these three categories when

studying the recommended instructional methods for
each subject,

one can start to see the areas where

overlap exists.

One would assume the overlap would lie

mainly in the third category with a sharing of general
skills and strategies regarding problem solving and
critical thinking.

There would be some overlap in the

reflective category regarding goals.

This will be

explored later in this chapter.

TACTICS Framework

Keeping the eight
the end of Chapter Two)

instructional elements
at the core,

(given at

one must consider

what means will be used to help students use a unified
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framework.

We will name the framework TACTICS (Toole

to Assimilate Critical Thinking In Classroom Subjects).
It will

involve the following four teaching tools to

emphasise the forementioned eight elements:
Model,

The Polya

Heuristic Bank (list and description of

generalizable strategies),

Reference Manual,

and

Student Journals.

Table 6

TACTICS Tools

and Eight Instructional Elements

The following table relates these four teaching
tools with the forementioned eight instructional
elements:

Elements of Instruction
to Teach Critical Thinking
and Problem Solving

Tools

Polya Model
Heuristic Bank
Reference Manual

1.

Stress development of
metacognition.

2.

Encourage use of a
general approach
to problem solving.

Polya Model

3.

Encourage use of
strategies.

Heuristic Bank
Reference Manual
Student Journals

4.

Stress development of
inquisitiveness i.e.,
a critical thinking spirit.

Polya Model
Heuristic Bank
Reference Manual
Student Journals
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Teaching Elements to
Promote Transfer
1.

Use consistent terminology.

Heuristic Bank

2.

Encourage labeling skills
as they are used.

Heuristic Bank

3.

Continue to build
bridges between different
situations where same
general skills or strategies
are used through conscious
application of strategies
and review of their
effectiveness.

Polya Model
Heuristic Bank
Reference Manual
Student Journals

4.

Encourage students to develop
their own applications for
skills and strategies and to
discuss the impact of their use.

Student Journals

The TACTICS approach emphasizes self-awareness of
thinking habits,

independent thinking,

and the teaching

of a generalizable approach to problem solving and
strategies that use teachers and peers as guides in
this process.

It stresses peer collaboration and risk

taking when solving a problem.
a diverse population,
range of needs.
both the

Geared to the needs of

it takes into account a wide

This approach accommodates and serves

independent and more dependent learner.

It is

effective with academically confident students as well
as with students who have
problems.

learning and behavioral

The climate of a collaborative classroom

reflects an emphasis on student strengths and mutual
respect of students and teachers,
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and builds positive

peer interactions,

often crossing cultural and language

barriers.
TACTICS approach iB simple,

yet far-reaching.

Its effectiveness lies in providing opportunities for
students to practice problem solving strategies in new
contexts and for teachers to use consistent terms and
heuristics.
when there

The

impact of this approach is heightened

is a network of teachers using this

approach.
Using a unified framework for teaching problem
solving allows teachers and students to focus on
specific skills as they are used in a broad range of
contexts.

The following critical thinking skills are

used repeatedly:
analyzing,

defining,

synthesizing,

self-monitoring).

questioning,

and reviewing

planning,

(revising and

The skills are exercised when

students apply the four tools mentioned earlier.
The previously described three considerations
(teacher perspective,
networking),

student instruction and teacher

offer the foundation for implementing the

elements and using the tools.
instruction,

By providing consistent

we give students the means to generalize

the critical thinking skills and heuristics that they
have

learned.

Conscious application of the Polya Model

and heuristics reinforces the
valuable aids

idea that these are

in problem solving.
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The TACTICS

framework and these considerations will be further
detailed in the curriculum in Appendix A.
When looking at the literature on Logo, writing
and use of simulations in terms of instructional
principles,

it is important to ask if the recommended

teaching methods lend themselves to incorporating the
eight

instructional elements and teaching tools that

are part of the TACTICS framework.

These are important

criterion for evaluating the effectiveness of the
curriculum design.

Since the forementioned four

teaching tools utilize the eight instructional elements
in each area of study, with each subject we will
provide tables or a short discussion that will reflect
whether these tools are applicable.

The next four

sections will be devoted to Logo, writing,
simulations and

(briefly)

cooperative

use of

learning.

Cooler at ive., Learning.
Another important element of implementation is an
emphasis on cooperation among students.

Since most

schools do not have a computer for each student,
students must share computers.
can enhance student

learning.

1981;

1982)

(1985)

Heward et al,

Cooperative
(Slavin,

learning

1984;

Slavin,

or David and Roger Johnson

give examples of the ways in which students can
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benefit from experience with cooperative
the computer classroom.

learning in

Specifically in the computer

classroom they can:

1.

Celebrate each other”s successes.

2.

Encourage each other to complete the assigned work.

3.

Discuss with each other the material being learned.

4.

Help each other:
- Analyze and diagnose problems
- Transform information into other forms such as
their own words, a picture or diagram
- Relate material they are studying to previous
learnings

5.

(Be) motivated by the enjoyable experience of
working together.

6.

Learn to work together regardless of individual
differences.

7.

Observe and imitate each other's use of the
computer, which increases their speed in mastering
hardware and software.

8.

Observe, imitate and build upon each other's
strategies, thereby increasing their mastery of
higher-level reasoning processes.

9.

Experience the encouragement, support, warmth,
approval of a number of classmates.

10.

Have peers evaluate, diagnose, correct and give
feedback on their conceptual understanding, and
orally summarize the material.

11.

Be exposed to a greater diversity of ideas and
procedures, more critical thinking and more
creative responses while completing the assignment.

12.

Have classmates encourage them to stay on task and
exert concentrated effort, (p. 11)
Another aspect of cooperative

learning is the

training of students to become tutors of specific
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and

concepts.

This practice has helped both tutors and

tutees progress significantly.

(Heward et al,

1982)

A cooperative atmosphere can aid in each students'
development of a critical thinking spirit and
repertoire of strategies.

(Walters,

1989)

Many of the

strategies used in the curriculum utilize a
co1laborative approach.

Logo
Overview

In this section we will discuss what Logo is,
briefly look at research findings,

describe criteria

for an effective Logo environment and recommended
instructional methods.

We will then look at how the

TACTICS framework can be applied.
Logo

is a computer software program designed by

Seymour Papert and collaborators.

In close agreement

with Piaget's belief about children's learning,
(1980)

views Logo as a tool to

personalize)
Logo as

the formal

“concretize

Papert

(and

(operational phase)." He sees

"the means for addressing what Piaget and many

others see as the obstacle which is overcome in the
passage from child to adult thinking."
that Logo

He believes

"can allow us to shift the boundary

separating concrete and formal knowledge that was
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accessible only through formal processes which can now
be approached concretely.

And the real magic comes from

the fact that this knowledge

includes those elements

one needs to become a formal thinker."
AbeIson (1982),
team,

says,

language.

(p.

21)

a member of an early Logo design

Logo is often described as a programming
Those of us who designed Logo tend to think

it rather as a computer-based learning environment,
where the activities are just as integral as the
programming tools."

(Abelson,

1982)

continually evolving environment,
88) which Papert
words,

(1980)

Logo is also a

(Abelson,

1982,

calls a "microworld."

p.

In other

the structure of Logo has within it the

potential of developing a wide range of thinking and
problem solving skills.

Logo As A Microworld

Papert believes microworlds allow the

learner to

focus on one aspect of reality and develop
understanding from that point.
1985)

(Interview in Schultz,

This reflects how a child learns...

extracting

from the environment that which is understandable and
going on from there.
Logo,

For Papert,

a microworld,

such as

is an intellectual environment where aspects of

knowledge can be explored.

Microworlds can give the
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learner a unique opportunity;

"You are essentially

concerning yourself with little pieces of reality,

and

by looking at these little pieces you can understand
the complexities of a bigger world."
P.

(in Schultz,

1985,

100)
Inherent

in the microworld of Logo,

aesthetic experience.
following fashion.

Papert describes this in the

What s happening on the screen is

all sorts of geometry,
you d call math,

is an evolving

number shapes,

but they're

and other things

integrated into a whole.

Aesthetic intent gives the integration its driving
force and is,
drive."

I

think,

(in Schultz,

a deep root of intellectual

1985,

p.

104)

This aesthetic

force happens as a by-product of programming in Logo.
Access to

it

In contrast,

is subliminally assumed by the programmer.
in other subjects,

from the connection of ideas,

the aesthetics come

and are not always

recognizable or easily received as a form of reward.
When writing,

this same intent for beauty often weighs

the writer down,

and initially creates

'writer'e block'

until the words flow as intended.

The Role of the Learner

Crucial to the child's experience

in Logo is

effective guidance that helps the child make the most
out of her or his experience.
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Logo was designed as a

"tool to think with",

(Watt,

1985) with the quality of

instruction being important.
1985;

Ferris,

Martin,
Logo,
•

1983;

1983;)

Schultz,

(Collis,

1989;

1985; Wierzbicki,

their understanding to its limits.
Collison,

1988)

explore,

(Bearden,

et

they
and take

et al.,

We will describe the elements of

an optimal Logo environment
First,

(Bearden,

When students learn a new concept,

need time to solve specific problems,

1983;

1984;

Students need structure when learning

balanced with free time to explore

1983).

Watt,

later in this chapter.

we will describe some of the research findings

on Logo's use in the classroom.

Research on Logo

Educators continue to discuss the value of Logo.
Some have attempted to measure gains,

but too

frequently there is no clearly reported baseline or
description of instructional methods.
of the research is vague.

Often the focus

Researchers have not looked

closely at the effects of different types of
instruction,

the effects of teacher training,

what can

be done with different age groups and students at
different cognitive

levels and skills,

nor at the

idiosyncracies of specific problem solving techniques
and their

impact on the student s understanding of Logo
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and their

impact on thinking in general.

the classroom has a lot of promise,

Using Logo in

but its use has not

been effectively and rigorously evaluated.
Studies of children in grades K-8 that explore
problem solving abilities such as fluency and diverse
thinking

(Gullo & Clements,

systematic thinking
al,

1988)),

1984;

(Reiber,

1985),

creativity (Clements,

Clements & Gullo,
own thinking

1984),

1985b;

Reimer,

1985;

Clements,

(Evans,

1985b),

1984) have

Also studies looking at affective

patterns

(Forsdale,

Reggini,

1984),

1979;

planning (Lehrer et

1984;

or general problem solving skills

Shea,

1985),

ability to reflect on one's

(Clements & Gullo,

shown gains.

Clements,

1982;

Lovett,

1984;

Russel,

1984;

the ability to discuss math (Howe &

Evans,

1984)

geometry concepts

(Reiber,

1984),

and understanding of geometric concepts (Lehrer

et al,

1988;

Frazier,

1989;

Reiber,

gains in these areas (Cathart 1985).
did focus on use of one strategy,

1985),

have found

In one study that

it was found that

teaching specific problem solving strategies (such as
debugging)

have

impact on students'

progress.

It seems

clear that Logo has the potential to offer a great deal
to students.

Other studies indicate that teacher

training in setting goals and in teaching for problem
solving can increase the benefits of learning Logo
(Evans,

1984;

David,

1985;

Cathart,
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1985)

as does

creating a cultural climate open for questioning
(Collis,

1989).

Other

studies have

specifically gains
(Lehrer et

al,

disputed some of these

in problem solving abilities,

1988;

Pea & Kurland,

generalization of skills,
improvement

1984)

the

(Pea & Kurland,

in debugging skills

1984)

(Lehrer et

al,

The

question remains whether problem solving

can

improve

problem solving abilities

several well
the

1988).

in Logo

in general.

known studies of Pea and Kurland

into question.

specify what

exact

However,

In

(1984),

the

studies neglected

if any,

were

stressed whether

teaching of problem solving was an explicit

Though the

length of the

may not have had
minutes

a week)

study was one year,

sufficient
to

Not understanding

time on task

truly assimilate

focus on Papert's

students

to

"learn to

inquiry.

of

(1984)

studies claiming

regarding

(Horlick,

initial

learn"

nature

problem solving

goal

(Horlick,

for

1988)

lack of

Logo

goal.

students

(forty
Logo

five

language.

language
1988)

and
There

of helping

or on understanding the

and
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Pea and Kurland s

impact of Logo on

and thinking have

support

the

idiosyncracies of the

syntax can affect performance.
was no

is

instructional methods were used,

and types of strategies,
the

and

likelihood of teaching thinking skills with Logo

called
to

gains,

turned the

tide

led many to doubt

Logo

s

place

in the

classroom regarding teaching of thinking

skills.
Pea and

Kurland s studies have many of the

shortcomings of other Logo
study

is too

short

studies:

to be conclusive,

methods and goals are not explicit,
not clearly
may not be

the duration of the
instructional
and

instruction

focused on teaching problem solving.
a vehicle

provided

(Collis,

goals prior
with the
that
those
Logo

it

in that direction.

1989)

Many educators

are now advocating determining clear

to

designing a program.

important

to

goals to promote

This

One math

transfer.

There

(Lehrer & Guckenberg,

transfer.

differently.

1988)

There were

of

few

stressed use of

gains

“learning to

Further work

specifically
in planning

specifically

general

looking at

critique

the

learn"

study did

or thinking

in this area needB to be
specific

instructional methods and their
a

(1989)

are very

and understanding of geometry but

not yield evidence

is

line

study which did set clear goals with third

teach for

done

in

follow this recommendation.

strategies and questioning but did not

skills

is

set clear goals and teach for

studies published that

graders

instruction

recommendation of Swartz and Perkins
is

Logo

for automatically teaching problem

solving unless clear goals and accompanying
are

is

strategies,

impact.

What

of research on Logo.
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follows

Critique of Validity of Rrrp^^
Eindingg on the Impact of Logo

Research findings on the benefits of students'
problem solving in Logo are inconclusive.

(Maddux,

1989)

or tightly

Few studies have been longitudinal,

controlled regarding methods of instruction,

or have

closely studied cognitive learning styles versus style
of instruction over a long period of time.

Research

does indicate that these very factors could be
important considerations in deciding the benefits Logo
holds for the child learner.
There are

(Roblyer,

et al,

1988)

indications that the type of instructional

method and atmosphere in the classroom can have great
impact

(Collis,

Clearly,

1989).

Logo in the classrooms is not

wholeheartedly accepted.

(Maddux,

interviewed in the article,
(Schultz,

1985)

1989)

Papert,

“Logo Under Fire,"

stresses the flaws in much of the

current research.

Logo cannot be truly judged until

teaching methods have evolved that support both
exploration and controlled experimentation.
evaluation instruments are often lacking.
1986)

Six week studies,

(Papert,

studies that do not detail

their instructional strategies,
offer frequent

Effective

studies that do not

individual sessions on the computer.
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studies that offer Logo programs without strong goals
cannot give us the data that we need in order to judge
the merits of Logo.
experience,

(David,

1985)

From our teaching

two forty five minute Logo sessions a week

for eight to ten months offer an opportunity for
students to solidify concepts in ways that they cannot
do

in less time.

Ninety minutes a week allows for

problem solving time,

time for self-reflection,

focused teaching of problem solving.

and

When teaching in

settings with less time, we have found that students
could not develop as deep an understanding of Logo and
problem solving skills,
transfer.

and thus would expect

less

We have not seen any published studies where

students have this amount of time on task and where the
instruction is focused of the problem solver.
Discrepancies between actual type of instruction
and reported instruction can easily occur because of
the

fluidity of most Logo environments.

The very

nature of the process of programming in Logo

is

incompatible with experiemental procedures to obtain
quantitative data on Logo.

Case after case has been

reported of students who make gains of an affective
nature followed by improved performance
tasks.
Self,

in cognitive

One such report is in Turkle s book,

—Second

which describes the experience of an

exceptionally articulate and poetic girl who has an
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w**it,xng block.

Through the process of

programming in Logo and using the Logo Editor to write
procedures,

she

learns that text,

procedures,

can be malleable.

ideas being frozen in text,
fluidity and grace.

as well as

She

loses her fear of

and begins to compose with

This case history is suggestive of

the benefits of problem solving with Logo but should
not be viewed as hard data.

It is very difficult to

measure affective outcomes.

There are many other cases

that demonstrate the dismantling of old affective
patterns that affect performance in the cognitive
domain.

(Mathinos & Scheier,

Lovett,

1984;

Clearly,

Russel,

1984;

1984;
Estes,

Forsdale,
1984;

1984;

Reggini,

1983)

the affective element is significant in terms

of a student's critical thinking spirit and his/her
willingness to embrace problem solving.

Recommendations

The effectiveness of Logo cannot be judged by
current research,

(Maddux,

1989),

yet current research

does give us indications of ways to improve the way we
instruct children in Logo.
that there

is a need for better teacher training in

teaching Logo.
1984)

Research clearly indicates

(Moreira,

1984;

Dale,

1983;

Wierzbicki,

Teaching methods that focus on specific
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strategies need to be developed and the benefits
analyzed.

The same theme

on critical thinking.
every educator,
Logo teacher,
solving.

is repeated in the literature

It is probably the intention of

just as it is the intention of every

to teach students the art of problem

As problem solving is but one aspect of

critical thinking,

it follows that teachers need

instruction in this element of reasoning skills as
well.

Yet,

many Logo advocates believe that Logo

offers users a tool for learning through doing without
focused instruction in critical thinking.
with Papert,
ride,

We agree

that many students do and can take this

and instinctively make jumps in thinking.

do use Logo as a

'tool to think with,

as an aid in

Piagetian learning,

but it is not the case of all

students.

Martin & Muller,

(Bearden,

Research tells us this,

They

1983;

Leron,

1985)

but does not tell us what

teaching methods have worked and why,

and for whom.

It

does not address the changes in the affective and
cognitive domains that cannot be measured.
are

The gaps

similar in research on Logo as the gaps in research

in the general field of critical thinking.

For Logo to

be buried because of inadequate research would indeed
be unfortunate,

for the indications are very clear that

Logo has a great deal to offer.
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We argue that Logo is an excellent tool to teach
thinking,
critical thinker.
experience
the

and to promote the spirit of a
Besides gaining concrete skills and

in heuristics,

learner the

if taught well,

Logo can give

love of questioning and inquiry.

Students can experience the benefits of learning
heuristics as listed in Chapter Two.
knowledgeable teacher,

With the aid of a

students can cross into other

disciplines with this same love.

They can learn from

the process of active problem solving,

to use the power

of the mind to transform information into understanding
— understanding that can then be used to have impact.
A sense of power comes from being able to take an
action based on understanding and to see a resulting
impact.

This reaches the core of all children as they

explore their impact on the world.

It is in this

spirit that the Logo unit in the curriculum is written.
Uri Leron

(1985)

addresses the paradox inherent

Logo as we teach it today.

in

He maintains that following

a Piagetian approach purely through exploration without
tutoring often results in a limited understanding of
Logo and does not guarantee a questioning spirit.
Students are often content to copy procedures and fix
bugs without knowing why.
of every Logo teacher:
the

"powerful

ideas"

He understands the dilemma

for some children,

the. focus on

in Logo can overwhelm them and
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develop feelings of alienation.
always been present

This same danger has

in teaching any subject area.

Logo s inducement is the instant draw of its visual
excitement and instant feedback.

He stresses the

importance of cultivating this excitement,

at the same

time providing students with the tools to approach
problems,

stressing inquisitiveness and exploration.

The model of a Logo program that is in the curriculum
in Appendix A parallels many of Leron's ideas.
calls this type of approach
(QPL).

He

"Quasi—Piagetian Learning"

After many years of teaching children Logo,

we

maintain that this balance between instruction and
exploration is imperative for the microworld of Logo.

Logo Environment Conducive to Problem Solving

Research is inadequate to give us a clear picture
of what Logo can and cannot do,
circumstances.

However,

and exactly under what

experienced Logo teachers and

researchers have offered us a direction to follow that
will maximize the benefits of problem solving while
learning Logo.
When considering designing a Logo environment,

one

must encourage student autonomy and exploration and at
the

same time make support available as well as

goal-directed instruction.

Riorden relates a
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conversation with one Logo instructor:

"Several things

about this environment are becoming evident.

Students

for themselves whether they need help solving a
problem and in so doing they learn to reflect upon,
be responsible for,

their own learning.

and

Some students

who want help are given the complete answer to their
problem,

sometimes by the teacher and sometimes by

another student—authority is distributed.

Students are

often given hints but not complete answers;
discovery is used,

when guided

students frequently experience the

joy of finding the solution by themselves."
1982)

(Riorden,

We do not advocate giving complete answers

unless the solution is then explored and analyzed.
In summary,
goals
1985),
1986;

(Collis,

a good Logo environment has clear

1989;

Perkins et al.,

quality instruction (Watt
Collis,

exploration

1989),

(Leron,

1985;

1982;

Perkins et al.,

time for free and guided
1985),

and distribution of

authority in classroom between students,
student assistants

(Riorden,

adequate teacher training.
transfer,

David,

1984).

teachers and

There must be

If the goal is to promote

goals and instruction must be explicitly

geared for this

(Swartz & Perkins,

1989).

The

environment must be one to support this and sustain
interest especially regarding the aesthetic drive.
(Papert,

in Schultz,

1985).

Goal setting must include

156

the teaching of critical thinking and problem solving,
including methods to achieve these goals.

Individual

time on task must be sufficient, with an environment
geared for exploration and risk taking.

The needed

materials must be available whether they be bulletin
boards,

reference manuals,

instructional methods,
Logo

compasses,

etc.

Goals,

a description of an example of a

learning environment and curriculum examples will

be given in the Logo curriculum unit in Ap>pendix A.

Logo and TACTICS

Patterson and Smith (1985)

in their article

Role of Computers in Higher Order Thinking",
the

"The

emphasize

importance of organizing the curriculum to

initially focus on solving problems.

These problems

should be based on the knowledge students have already
acquired,
field.

and occur early in students'

exposure to a

The emphasis in content should be on concepts

and their interrelationships.

As students progress,

the curriculum should spiral to more complex but
related content and problem solving theory.

Over time

use of some problem solving strategies may become
automatic,

while others might require more thought.

is this model that will be demonstrated in the
curriculum in Appendix A.
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It

From the following tables we can see that the
proposed tools that support the eight

instructional

elements of the TACTICS Approach can work well with
Logo.

Use of these tools should be gradually

introduced,

with more attention paid to each tool over

time.
The following table demonstrates how the four
tools that support the eight instructional elements of
the TACTICS Framework can be applied to working with
Logo.

Logo clearly lends itself to the instructional

framework that TACTICS offers.
Use of the TACTICS framework can clearly be an aid
to developing critical thinking and problem solving
skills when learning Logo.

In the next section we will

describe the writing process and its relationship to
problem solving.

Application of the TACTICS framework

will be described.
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Table 7
Four Tools of the TACTICS Framework
Tool

1:

Folya Model - The Polya Model works well with
the process of problem solving in Logo

1. Define

Problem

2.

Make

3.

Try the

4.

Solve

Tool

2:

- Define the Logo problem and the
parts of the problem.

a Plan

Plan

Make a plan for how to accomplish
solving the problem, including
deciding what heuristics will
work best, sequence of
procedures, and
criteria for
completion.
- Try the plan and re-evaluate the
plan as you proceed, using
strategies and techniques to
stimulate self- reflection.

and Review —

Solve the problem and review the
process.

Heuristic Bank - As examples, we choose ten
strategies from the Heuristic Bank in the
curriculum and relate them to problem solving
with Logo using the Polya Model.
Ten Strategies

Logo Applications
Steps in Polya Model

1.

Restate the Problem
in several ways.

Step

1

2.

Brainstorm.

Step

1 & 2

3.

Break the problem into
parts and try to solve
each part.

Step

1 & 3

4.

Represent the problem in
pictoral or diagram form
to sequence and develop

Step 2

the plan.
5.

Develop a list of
questions that clarify
what needs to be known.
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Step 2

6. Think of an analogy
or a related problem.

Step 2 & 3

7. Develop and use
checklist.

Step 2 & 4

8. Talk with another
student to clarify
ideas.

Step 2 & 3

9. Pause mid-way in the
problem solving process
to check progress and
re-evaluate plans.

Step 2 & 3

10. Develop criteria for
completion of the
project.

Step 4

Tool

3:

Journal - The process of recording in one's
journal the procedures followed in a problem
solving session or reflections on mistakes or
new knowledge gained is helpful in solving
future problems and promoting metacognitive
development.
A student's journal can easily
be incorporated into a student-made Logo
reference manual.

Tool

4:

Reference Manual - A good reference manual is
important to any Logo problem solving
session.
Published manuals usually only
include references to the Logo language and
common bugs.
A student-published manual
would have the advantage of listing Logo
commands and common bugs, but also include a
list of helpful heuristics and suggestions
for when to use them.
A journal of notes
might be included also to promote
self-reflection and learning from past
problems.
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Ihe Process nf Writing

Overview

is often referred to as a problem solving
task

(Wansart,

1978;

1989;

Wresch,

Scardamalia & Bereiter,

require

several

simultaneously.
executive

1984;
1981)

levels of cognitive
These

functions.

(Durst,

1989;

1978;

Bruce,

1978;

1984)

"Writing

set

of distinctive

orchestrate

helps
the

these

to

1981)

Teaching writing as a process
individually,

defining,

a predetermined plan.

in order to meet

their work

Cognitive
sought effective
and understand

their goal.

devised plans that

fit the

Many of these
general

category of a process approach to writing.
his or her

using

analyzing,

teach students how to control

experts have

Gentner,

act of writing."

educators and writers have

tasks

1985;

Rubin,

and synthesizing to refine

scientists,
ways

Daiute,

thinking processes which writers

tools of questioning,

according to

interacting

is best understood as a

students to consider tasks

organizing,

skills

Collins,

or organize during the

(Flower & Hayes,

Writing tasks

skills are monitored by

Flower & Hayes,
Williams,

Flowers & Hayes,

Each has

own presentation and provides unique

contributions to understanding the process of writing
and the

teaching of that process.
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(Lamb,

1989;

Graves,

1983;

Bruce

et al. ,

Students who use
improve

1978;

Daniels & Zemelman,

1985)

process techniques have been found to

their writing skills.

(Suhor,

1989)

When designing a writing curriculum that

stresses

cr*itical

thinking and problem solving skills and

connects

to critical

skills developed

thinking and problem solving

in Logo,

it

is of primary

to consider what the process of writing
problems writers may have,
methods are most
cover these

and what

effective.

topics and also

framework can be

importance

is

like,

what

instructional

In this section we will
see how the TACTICS

applied to the writing process.

Frequent Problems of Novice Writers

By

looking at

the kinds of problems writers

frequently report we
instructional

can better understand why certain

practices are

recommended.

There are

many constraints writers experience when composing.
Structure

of the

sentence,

and each word must be considered

writing process
1978)
most

overall

(Bruce,

Learning to
difficult

1985;
Bruce,

Calkins,
Collins,

text,

Collins,

integrate

aspect of
1983;

Rubin,

these

1983;

in the

components

is the

(Daiute,

Flower & Hayes,

and Gentner,
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each

& Gentner,

learning to write.

Graves

Rubin,

each paragraph,

1978)

1978;

When a child

is writing

s/he

structure,

ideas,

learning the
Bruce,

A

and critical

integrate process with

thinking skills while

essentials of each element.

Collins,

report,

is attempting to

Rubin & Gentner

Cognitive

(1978),

(Graves,

1981)

in their

Science Approach to Writing,"

remind us that people who write

a

lot develop writing

strategies as they work.

Prior to the process approach

movement,

often not

strategies were

to children and were
and error

fashion.
is not

strategies

are not

apply

1978)

learned

sufficient

explicitly

in a painful

They go on to relate

strategies

(Bruce,

rather

taught

that knowing

for writing since

appropriate

trial

the

same

for all circumstance.

Children must be taught how to

select and

strategies appropriately.
Writing can be viewed as an act of communication

or

as a mode

of transportation whereby one's thoughts

are moved onto paper

(Bruce,

1978)

this

leads

For children,
to

Collin,

is not easy and

an overload of their cognitive

(Flower & Hayes,
performance

on

1980)

the

task due

to

the

1980)

in the

they converse.
often at

a

Without
loss

in poor

(Collins & Gentner,
same manner that

a conversational partner,

for words.

Scardamalia & Bereiter,

frequently

inability to handle

act.

Children tend to write

Gentner,

abilities.

This often results

the many requirements of the

are

Rubin,

(Flower & Hayes,

1980/1981)
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They may

feel

they
1980;

overwhelmed and find it difficult to juggle the
following constraints:

searching for knowledge,

being

aware of the audience,

choosing a planning strategy

that accommodates both local and global planning,
using low-level skills such as spelling,
and the skills involved in revising.
Graves,

1983)

and

penmanship,

(Collier,

1983;

These difficulties can be more acute when

composing autonomously rather than when having a
conversation.

(Scardamalia & Bereiter,

Kaplan

explains that,

(1984)

1980/1981)

"Children's difficulties

with written compositon are the result of the problems
they encounter in the transition from conversing
interactively to composing autonomously.

Children's

problems during this transition include:

a.

Learning to generate sufficient text without a
conversational partner, especially in genres
other than narratives;

b.

Learning to search memory for content;

c.

Shifting from local to global planning;

d.

Learning to revise."

(Kaplan,

1984,

p.

and
34)

Children must be trained to remember their
audience.

They tend to speak as if in dialogue and

translate this process on to paper.

Interview

techniques work well with children,

because the

interview

promotes inner dialogue.

The teacher

strives to help the student internalize this inner
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dialogue to promote the generation of ideas,
clarification,
(Suttles,

self questioning,

1983;

Graves;

1983)

and self-reflection.
Lucy Calkins

(1983),

relates the evolution of nine-year-old Suzie as a
writer.

As Suzie

learned new strategies they were

first used in revising as a concrete operation.

By

beginning with concrete operations which then became
internalized,

she was later ready to

learn a new

strategy or consider a new element in her writing.
Once an operation was internalized,
the skill

she was able to use

in the composing phase rather than the

revising phase.

Stages of Writing

In order to view writing as a problem solving
process,

it

is important to see what is meant by the

stages in writing,

known also as the writing process.

There has been a great deal of emphasis on the stages
through which writers must pass as they compose.
Experts have found that encouraging the writer to break
the writing task into stages allows the writer to focus
on one aspect at a time,

recursively.

The same general

critical thinking skills described in Chapter Two
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and in the section on Logo
questioning,

defining,

(planning,

organizing,

analyzing,

and synthesizing)

are the tools that expert writers use in each phase.

Hie Writing Process

Pre-Writing Stage

The pre-writing stage
idea generation,

includes defining a topic,

and planning.

There are many

techniques one can use to define one's topic.
entail seeing the scope of the topic,
a specific

They all

and then choosing

focus as one narrows the topic.

In this

process the writer must consider the audience,

desired

length of paper,

purpose

of the paper,

available time for composing,

and available knowledge or resources

about the topic.
Below are some useful techniques used by children
to define a topic and gather information.

1.

Engage
paper.

in free association on the subject of the

2.

Record impressions,
in a journal.

3.

Brainstorm with another person or in a group.

4.

Record what is known about the topic and what
needs to be known.

5.

Look in books or use other resources for
information or more ideas.

relevant
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ideas and insights

6.

Seek suggestions from others.
Inherent

in defining a topic

is the

using the macro—skill of questioning.

importance of

Questioning

should occur recursively throughout the entire writing
process.

Strategies to promote the questioning process

are as follows:

1.

Peer conferencing.

2.

Teacher conferencing.

3.

Asking the child to play the role questioning
audience.

4.

Utilizing a list of standard, helpful, general
questions or (in a group) generating a list of
questions.
These techniques parallel the heuristics used in

problem solving.

The planning phase utilizes the

macro-skills of defining,
writer should put the
manipulated,
discarded.
webbing,

sorted,

analyzing,

& organizing.

The

ideas on paper so they can be
developed,

Breaking the topic

sequenced,

or

into parts by mapping,

and outlining are planning techniques.

Strategies should be chosen to aid the process of
creating the first draft.

Students should be

encouraged to plan each subtopic using a variety of
pre-writing strategies.
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Creating a Draft

After planning,
plan.

the writer executes his or her

During this process s/he might use any of the

aforementioned heuristics,
a time.

In addition,

students as audience,
might be employed.

focusing on one subtopic at

strategies that utilize other
editors,

brainstormers,

etc.

Metacognitive techniques or

stopping in mid-process and evaluating one's steps
aloud to oneself or to another student are
When the draft

is complete,

important.

the writer enters the

revising stage.

Revising

Writers use different approaches when revising.
order to prevent cognitive

"overload,”

it is best to

break this task down into small sub-tasks.
al.,

1978)

In

(Bruce,

et

This is in accord with the theory that

children naturally attend to the amount of information
they can handle.

In school,

many times students find

themselves expected to achieve a complex task and
intuitively break it down into "do-able"
achievers frequently cannot do this.
skills required are too much.

steps.

Low

The organization

(Belmont and Kops,

1985)

Encouraging students to stop mid-way through a revision
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session and assess the effectiveness of their revision
process can be helpful.
When a student finishes her or his draft,

s/he

should be encouraged to edit one aspect at a time
(paragraph structure,

spelling,

punctuation,

etc.).

Revision by single-level task is continued until the
draft

is considered complete and the writer has a

finished product.

During this process use of a writing

reference manual would be helpful in regard to checking
grammar and spelling and utilizing a list of peer
conferencing questions,

an "author's checklist" of

points to consider.
Children who write using a Process Approach are
able to systematically develop specific writing skills
and strategies.

This promotes a feeling of

accomplishment at all stages of the writing process.
Some writing strategies are similar to problem solving
strategies used when programming,

and students can be

made aware of this.
The stages in writing as listed by Donald Graves
(1981)

below and are compared to the Polya Model:
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Table 8
Polya Model and Graves'

Process Approach

Graves

Polya

1. Topic choice

1.

2.

Planning

2. Make a plan

3.

Composing

3. Try the plan
(and re-evaluating)

4.

Reading

4. Solve and Review

Define problem

5. Revising
The similarities between the two formulations are
apparent and suggest that techniques can be transferred
from one subject to another.

Metacoanition

Metacognition is key to effective polishing of a
draft.

(Bruce et al.,

1978)

Executive function and

metamemory are developed as a writer consciously edits
and decides what strategies will help in each stage of
the composing process.

(Durst,

1989)

Such techniques

as stopping and reassessing one's plans,
steps one took,

reviewing the

and talking aloud or to oneself to

clarify thinking are metacognitive strategies.
a journal,
required,

Keeping

drawing diagrams of the thinking steps
and deciding what strategies to use to

re-evaluate one's plans are other metacognitive
actions.
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Writing with a Wordprocessor

A wordprocessor gives many advantages to a writer.
Some studies have found that children who use a word
processor and receive some writing instruction will
tend to write more,

revise more and in general be more

open to structural changes.
1987)

(Miller-Soviney & Soviney,

Group writing projects are possible that also

encourage peer-conferencing and group editing.
(Warsart,

1989)

Lessons on specific skills can be more

easily extracted from student word processing files,
therefore making the
students.

lesson more relevant to the

Legibility is no longer a question and this

promotes peer sharing of work.
Soviney,

1987)

Students'

(Miller-Soviney &

publishing of their own work

is a great motivation for quality writing.

Coupling

use of a wordprocessor with a process approach has
proven especially beneficial to students of low or
average ability.

(Dalton,

1986)

In general,

attitude

towards writing improves when using a wordprocessor
(Robyler,
level.

et al.,

1988)

regardless of a student's

Though more research needs to be done with

regard to the effect of specific applications of
wordprocessing in the writing classroom,
indicates that

it can be a useful tool,

research
especially when

coupled with effective writing instruction.
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Examples

of individual and group writing experiences that
incorporate

instruction on critical thinking and

problem solving along with goals for a writing/problem
solving curriculum will be given in the writing unit in
Appendix A.

Problem Solving and Writing

Writing as a Problem Solving Process

Flower and Hayes

(1977)

and Wresch (1984)

draw

parallels between the writing process and problem
solving.

They point out that many writers have a

limited repertoire of thinking skills that they use
when they write.

This can result in frustration from

searching endlessly for a word when they should be
refining the
block'

ideas in their paragraph.

'Writer's

is often the result.

Many writing problems are actually thinking
problems rather than ones of expression.
problem solving strategy to writing,

By applying a

the writer is

given many pathways to achieve his or her goal.
Writers often get blocked when they do not approach the
task as a problem to be solved.
(1977)

Flower and Hayes

and Blankenbaker and Hemstra (1989)

describe

problem solving strategies in terms of writing
applications that are similar to the ones delineated
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earlier in this dissertation.

As discussed earlier,

students can be easily shown how the Polya Model fits
in with the writing process.
in the curriculum.

So,

too,

elaborated for Logo in the

This will be demonstrated
the ten strategies

last sub-section can serve

as useful tools to writing.

Other strategies are given

in the curriculum units on writing and the Heuristic
Bank in the unit

"Getting Started".

A writing reference manual geared to students'
levels and needs would aid a student in focusing on
writing strategies,
tools.

including editing and revising

Through using such a manual students will be

reminded to utilize techniques to develop metacognition
and to

improve their writing.

students

Student journals can aid

in reflecting on what's helpful when writing

or what hinders their progress.

A sample writing

reference manual and student journal are included in
the curriculum.

The Connection to Logo

Logo can be a means of introducing children to
important elements in a Process Approach to writing.
Main elements or themes relevant to both areas are.

1.

A
project or assignment can be broken into
parts, thus making it feel more manageable;
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By virtue of breaking the project into parte,
one s own thinking becomes clearer because one
can concentrate on smaller segments, one at a
time;
3.

In order to solve any problem (or write on a
theme) it is important to gather the information
that one needs to understand the problem or
parameters of a theme;

4.

There are specific information-gathering
techniques that work;

5.

There are specific techniques that help one
become clearer about ones own thoughts on the
subject and narrow the focus;

6.

It is easier to compose, or program, revise, and
edit when focusing on one level or aspect at a
time.
There are techniques that can help one
revise;

7.

There is a bag full of tricks that can help one
over the hump that many people experience when
solving a problem.
With guidance,

children become conscious that they

are using these principles
and when writing.

in both the Logo environment

They are

solving specific problems

in a similar way and are utilizing similar heuristics
or techniques.
approach
the

steps

is

The

content

similar.

The

is different but

the

general

following tables relate how

in the Polya Model

Logo.
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are used

in writing and

Table 9
Polya Model Qf Problem Solving
Mith Suggested HeuriRt.ip.q

STEP

1;

DEFINE PRORr.KM

NAME PROBLEM
Writing
Choose

Logo
general

topic

Choose

a design.

DEFINE PROBLEM

Writing
Narrow topic.
Nutshell idea
in a couple of
sentences.

Logo
Rethink choice.
Simplify design
idea and decide
on exact design
(picture).

REPRESENT PROBLEM

Writing
Use a technique to
express the idea
behind the topic.
Draw a picture,
role play, describe
a mental image that
the topic idea evokes.

Logo
Draw a picture or
find a picture of
the design.
Use
the picture as a
tool to clarify
thinking.

RESTATE PROBLEM
Writing
State specific topic:
"I will write on
(topic) for (state
purpose) for
(state audience).

Logo
State specific
problem: "I will
create (describe
picture) called
(name of superprocedure).
(continued on next page)
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(continued)

STEP

2:

MAKE A PLAN

GATHER AND ORGANIZE INFORMATION BY BREAKING THE PROBLEM
INTO PARTS.
SEQUENCE PARTS.

Writing

Logo

Use idea gathering
strategies (brain¬
storming, interviewing,
invisible writing).
Select critical
information.
Select a
way to organize your
thoughts.
Categorize
ideas and sequence them.
Break the problem into
parts.

Name all you know
about the problem.
Select critical information.
Select a way to organize
your thoughts and sequence
your steps.
Break the
problem into parts.

GATHER INFORMATION TO UNDERSTAND PARTS
Logo

Writing
Use information
resources (peers,
books, teachers,
your own knowledge)

Use resources
(books, notes,
peers, your
own knowledge)

SOLVE PARTS

Lqeq

Writing
Write details.
Look at structure.

Write procedures.
Be mindful of
the structure of
the program.

SEQUENCE PARTS
Logo

Writing
Rethink topic
restructure
accordingly.

and

Look at the
control in the
program. Sequence
accordingly.
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(continued)

STEP

3;

TRY THE PLAN

SYNTHESIZE

Writing
Write

Logo

first draft.

Create a superprocedure.

REVIEW/REVISE
Writing

Logs

Use revising
techniques.

Use debugging
techniques and
restructuring
techniques.

STEP.. -Ai_£QL-YE-.AM D_ REVIEW
FIND THE

SOLUTION

Writing

Logo
Solve the problem
and share the
solution.

Write final draft,
and share with
peers or teacher.

REVIEW WHAT WAS LEARNED ABOUT THE PROBLEM OR THE
PROCESS

Lq.rq

Writing

Write in journal
or discuss with
peers or teacher.

Write in journal
or discuss with
peers or teacher.

This model
skills:

of problem solving utilizes the

analyzing,

defining,

organizing and revising.
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questioning,

following
synthesizing

Table

Examples of Student's Work
Polya Model Of Problem

10
in Writing and i.nao lining
Solving With RnggPRt.PH

HeuriatIhr

*********** ******* ****** *** ** ** * * ********************* *
STEP

1;

DEFINE PROBLEM

DEFINE GENERAL PROBLEM

LflftQ
Choose

Writing
a Design

Choose General Topic

STUDENT
I will make a picture of
a spinning figure, with
points...maybe stars or
triangles.

I want to write about
something I know and
love. I will write
about some of my
favorite places.

********************* **********************************
DEFINE

SPECIFIC PROBLEM

Writing

Logo
Rethink choice
Decide

Narrow topic

on exact picture.

Decide
topic.

on exact

STUDENT
I will write a superprocedure
that makes a picture of
triangles spinning around
a central

I will write about my
favorite place,
Florida.

point.

*******************************************************
Continued next page
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Table

10

continued

REPRESENT

PROBLEM

IjQMQ

Writing

Find or Draw a Picture
of the Design

Express the Main Idea
of the Topic in a
Form

STUDENT
I

will

find

a picture.

» i • . i . 11. . i . »1. . i i ■ i. . I . . i . . w - I . . i . ■ L■ . A . ■ 1'
^x
^ /fk /fx ^fx /fx ^ ^ ^ ^

^^^^

I will draw a picture
that reminds me of my
favorite places in
Florida.

viz \X/ vX/ xX/ '1' vX/ xX xX vl/ * 1 * xX/ xl/ * X* xX *L> vJ > xX xX/ .i> ■!> ■!» -i- -1- . 1 > xX x^ xX xX xX ^ ^

^^^^^^

^^^^^^^^^^^^^^^^^^^^^

^* *

>X xX X X X X
<T> ^T* * * * *

RESTATE PROBLEM

Writing

Logo

STUDENT
I will write a paper
about my favorite
place, Florida.
I
will write this as a
way of sharing with
my friends.

I will draw a picture of
spinning triangles that
looks like the picture
I found.
I will use
Spintri as the name of
my calling procedure.

*******************************************************
STEP

2:

GATHER

MAKE

A

PLAN

INFORMATION,

ORGANIZE

MAKE A PLAN

Writing

Lqeq.
Choose

AND SEQUENCE,

strategies

help do this,
strategies

Choose strategies to
help do this, and use
strategies.

to

and use

Continued next page

179

Table

10 continued
STUDENT

I will think of all the projects
that I did that are like this.
Let s see, I made a super¬
procedure that made a picture
of spinning squares.
Let me
look at how I did that one.
Let me look on the bulletin
board for other ways to do
this.
Let's see, someone
else made a picture of spinning
rectangles and they used a
neat structure for the
program.
I will try a similar
structure for my program. I
will talk over my plan with a
friend.
If I talk aloud, I may
get a clearer idea of how to go
about this.

I will ask a friend
to interview me about
my favorite place.
Then I will write all
my ideas on paper and
choose the best ideas
After the interview,
I will mention Busch
Gardens, Disney World
and the weather.
first weather, then
Disney World, then
Bush Gardens.
I will
write a beginning,
middle and end.

The parts of my program are:
A procedure that spins the triangles.
A procedure that makes a triangle.
^ .1. . I.

. I. .I. . 1. . I. .1#

vI^

.1/ \L/

^ ^ 'X'

^

^

vL/

^ \L/ vL/ vX* .L# vL

v 1/ \L/ sX/ \L/

\L/ vU \1/ \X/ \L/ \L* vL^p*
'y*

vX/ ^

t-r
rp

vV ^ ^
' p ^p*

DETERMINE PARTS/SEQUENCE PARTS
Writing

Logo

Write details about
each part.
Sequence
parts.

Write details about each
part.
Sequence parts.

STUDENT
My notes say that I can make
a triangle this way:
TO TRIANGLE
REPEAT 3 {FD 20 RT 120}
END

I want to say this:
I like Florida.
I like the weather.
I like Disney Land
(the roller coaster
and the water slide).

So I'll try SPINTRI like this:
TO SPINTRI
REPEAT 7 { TRIANGLE RT 30}
END

I
I
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like Bush Gardens
like to fish.
Continued next page

Table

10 continued

I have to remember to put my
TRIANGLE program into memory
first.

*******************************************************
STEP 3:

SYNTHESIZE

Logo

Writing

Test the procudures and
put them together.

Write the first draft

STUDENT
I will try my triangle
and then try to make the
Spintri procedure work.
The Triangle procedure makes
a small triangle.
I want a
bigger triangle.
I will change
the forward number to 50.
TO TRIANGLE
REPEAT 3 {FD 50 RT 120}
END

I will start writing
my first draft.
My favorite place is
Florida because of the
weather.
I also like
Florida because it has
Disney World and BuBch
Gardens. I like Disney
World because it has the
world's biggest roller
coaster.
Disney World
has a neat castle.
It
also has a water slide.
I also like to go
fishing. That's why I
like Florida.

*******************************************************
REVIEW/REVISE AND FIND THE SOLUTION
Writing

Logo

See what parts need to
be changed and fixed.
Look for sentences that
aren't clear.
Look for
one 'bug' at a time.
Revise and rewrite until
it feels finished. Share
paper with a friend.

Find the bugs and make
changes work on the
on the problem until
finished.
Work on one
bug at a time.
Finish
the final program with
a friend.

Continued next page
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Table

10 continued

STUDENT
My Spintri doesn't look right.
I need to change the repeat
number so the spinning
triangles form a circle of
triangles.
I will try this:

REPEAT
END

12

{TRIANGLE RT 30}

Let me see, I need to
fix some capital letters
I don't like the ending.
After reading it to a
friend, I see I want to
want to add more
details.
My favorite
place ieJ Florida.
I like Florida
because it has
tropical weather.
Florida is neat
because it has Disney
World.
I like Disney
World because it has
world's biggest
roller coaster and a
water slide.
When I
don't go to Disney
World, I go fishing.
I like Florida
because I get to do
a variety of things.
(This draft and final
version was done by
a previously reticent
sixth grader in
Holyoke on a
wordprocessor.

*******************************************************
STEP 4:

SOLVE AND REVIEW

REVIEW WHAT WAS LEARNED ABOUT THE PROBLEM OR THE PROCESS

Writing

Logo
Write in journal or
discuss with peers
or teacher.

Write in journal or
discuss with peers
or teacher.

Write in journal
and share with friends

Write in journal and
share with friends.
Continued next page
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Table

10 continued
STUDENT

I learned that the repeat
number makes the triangles
close when they spin.
I
experimented with other
spinning figures and found
the same thing to be true.
The forward number affects
the size of the triangle in
the final picture.

It helps to fix
one type of mistake
at a time.
I like
my second ending
better than the
first.
I decided
not to talk about
Bush Gardens.

As students work with the Polya Model,

the teacher

encourages students to label the six macro—skills
(described

in Chapter Two)

and name the steps included in

the process of solving a problem.

The principles outlined

in the end of each section in Chapter Two are key to
effective

instruction.

The curriculum will reflect these

principles and demonstrate how the TACTICS framework can
work when teaching writing.
In this

section we have viewed writing as a problem

solving process and seen how the basic structure of the
proposed TACTICS framework works with writing.

In the

next section we will look at using simulations to teach
problem solving.
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Slmul at. 1 nr)pr

Overview

In this section we explore simulations in terms of
teaching problem solving and use of the TACTICS
approach.

Simulations are computer programs that focus

on a theme and are designed to recreate a set of
circumstances based on data that can be manipulated.
Simulations offer students the opportunity to combine
discrete elements to equal a whole concept and see the
effect of their thinking as the simulation evolves.
(Patterson & Smith,

1985).

There are five basic types of simulations.
first

The

is a stand-alone type that supplements the study

of a topic.

The program Oregon Trail which focuses on

traveling along the Oregon Trail during pioneering days
and and the program.

Discover. which explores kinds of

alien beings that can exist on specific planets,
examples.

The second type

are

is used as as a component of

a multi-media unit where text,

film,

cassette tapes and

computer software may all relate together to form a
presentation of a subject.
Voyage of the Mlmi

The educational material

is one such example that includes a

software component focusing on navigation and other
topics.

The third type of simulation is one that takes

a topic and explores it thoroughly while providing
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scientific

tools

like

sensors or biofeedback devices.

The programs Wsathsr and Stress Reduction are
examples.

The

fourth type

and off practice

is one that

in a concept or skill.

software has several programs that
solving and memory skills.
example.

The

seeks to teach
Sunburst

focus on problem

Memory Haqt.1B

fifth kind of simulation
time

recreational.

is educational

and at

the

flight

simulator or a mystery program like Where

World

same

is an

Examples are

Is Carmen Sandieeo? which is effective

a
in the

for

teaching problem solving and geography.

Research and

Instructional Principles

Considering the wide use of simulations
classroom,

little

research has been done that

in the
supplies

specifics regarding the variables that contribute
the

to

effectiveness of a program and the cognitive

of

simulations

to

determine what

(Safrit et

al,

in general.

Research needs to be

1988).

Since

the presentations of

along with recommended

methods to manipulate

simulation,

For example,
instructions,

the

cannot be
some

done

instructional methods are most useful

simulation packages vary,

research done

impact

the

little

generalized to all

simulations have

others offer very
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simulations.

explicit

little

in the way of a

Some simulations offer record keeping devices
or mini encyclopedias of relevant information,
rely solely on the

others

information in the program.

Preliminary research does suggest that students
who consciously use manuals benefit from the
simulation,

but that it is not always necessary to use

a manual to do well with a specific simulation.
et al,

1988).

(Safrit

In fact there are cases when some student

use of support materials resulted in more errors with
the same simulation.

This may be attributed to

differences in learning style
insufficient teacher guidance,

(Safrit et al,

1988),

or the type of

presentation not matching individual students'

needs.

Though some studies have found that simulations may not
have an impact on more efficient gaining of content or
specific knowledge,

others have found improvement in

problem solving and scientific reasoning skills.
they proceed,

As

students also show indications of being

able to relate better to subsequent problems presented
in the same simulation.

(Rivers and Vockell,

1987)

Instructional design must accomodate the needs of
the

learner in terms of learning style and feedback

accessibility.

(Faryniarz,

1989).

The format of the

simulation should encourage analysis.

Studies have

found that simulations are beneficial when students are
asked to interpret results and make decisions rather
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than to only follow directions to achieve a result.
(Roblyer,

et al.,

1988)

Though an intuitive approach

often works well with a simulation,

problem solving

methods that emphasize analysis generally result
more being gained from the simulation.

in

Students often

falter when using a simulation and resort to
trial—and—error attempts because they lack problem
solving tools that would help them record notes and
track problems.

Some simulations require systematic

analysis of the problem,

yet students often lack the

tools to discern what the sub-problems are within the
main problem.

They therefore find it difficult to

determine what exactly needs to be known.
Since very little research has been done
concerning the

impact on problem solving skills when

using simulations in middle schools,
current findings are

inadequate to predict which

instructional methods would be best,
will explore

and since the

the question we

is whether students are improving their

problem solving skills through the process of doing
simulations and whether use of these skills contributes
to a deeper understanding of the topic of a simulation.
For instance,

Oregon Trail,

a simple simulation

depicting the struggles of crossing the country in
pioneer days,

can be done by trial and error.

introducing problem solving methods,
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By

students have

opportunities to consciously analyze variables and see
the effects of their decisions.

A teacher might help

them compare data presented in simulations with that of
other texts and even encourage their students to add
their own elements.

Each variable should be studied,

weighed and discussed as the simulation is used.

In

this way students can see how problem solving methods
help them master the simulation.

A more complete

example of this will be given in the curriculum.
The four tools of the TACTICS framework are
effective

in helping students organize their thoughts

when using simulations.

The Polya Model helps students

to reflect on the purpose of the simulation and the
problem to be solved.

This includes making a general

plan to solve the problem and better understand the
variables.

The ten suggested strategies in this

chapter and others in the curriculum offer the means to
focus thinking and record data.

A mini-reference

manual and/or Journal allows the student to record
pertinent
keeping,
in the

information.

This might be simple record

designing a planner,

recording research done

library to help understand the simulation,

reflecting on previous attempts with the simulation,
etc.

The tools can be used deliberately to reflect on

the process of solving the simulation and to draw out
key findings,

as often students are distracted by
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non-pertinent details which lead to side-tracking
rather than a direct approach.

These tools can be used

with any simulation and will maximize the
is occurring.

learning that

They can also be used in conjunction

with support material presented in a simulation.

The

curriculum in Appendix A gives examples that encourage
students to consciously strengthen critical thinking
and problem solving skills while they work with
simulations.

Relating Logo, Writing and Simulations

There are differences in how critical thinking is
applied in various subjects.

It is important to

realize that similar mental operations such as defining
a problem or analyzing the parts of a problem are
helpful for any problem where there is no immediate
solution,

and that some general techniques can be

applied in many contexts.

In Table

11 a few critical thinking skills are

related to problem solving strategies and their
application in the areas of Logo, wriitng and use of
simulations.

Other critical thinking skills could be

likewise managed.
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Table

11

Thinking Skills and Applications

Critical

Thinking RiHnP-

Strategies:

Defining and Analyzing
Re-stating the problem,
making a diagram of the
different parts of the
problem and their
relationships to each
other.

Applications
Logo:

What is the problem to be
solved- what are the
parts?

Writing:

What is the main topic,
what are the sub-top>ics?

Simulations:

What is the main problem to
be solved - what are the
sub-components of it?

Critical Thinking Skill:

Strategies:

Questioning
Asking and answering the
above questions,
brainstorming possible
solutions or actions that
might lead to actual
solutions by asking and
answering self-generated
questions.

Applications

Logo:

What is my goal?
What are
the parts of the problem
and how do they relate?

Writing:

What needs to be known?
What do I know?
What do
I think I know?
How do I
proceed?
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Simulations:

How do the sub-components
of the problem relate?
What do my previous
attempts with the
simulation teach me?

By referring to the previously mentioned three
categories

(Technical,

Skill Development),

Reflective and Strategy and

one can evaluate areas of

convergence and differences.
technical

It is clear that

information may differ,

reflective aspects

will differ in specifics but may overlap in the form of
setting critical thinking and problem solving goals,
and the strategies suggested in this chapter can be
used in many settings.

The overlap of the last two

areas will be demonstrated in the curriculum in
Appendix A.
In Chapter Four,
that

the curriculum resource book,

is contained in Appendix A, will be briefly

described.

Use of the TACTICS framework is

demonstrated in this curriculum resource book.
Prototype examples of a sixth grade computer curriculum
are given in the areas of Logo, writing and use of
simulations,
heuristics,

including a more complete bank of
different examples of reference manuals,

and instructions for remodeling other curriculum.
brief discussion will then follow relating our
experiences using TACTICS in the classsroom.
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A

CHAPTER

FOUR

DESCRIPTION OF CURRICULUM RESOURCE BOOK

In this chapter the reader will find a brief
description of a curriculum resource book for teaching
critical thinking and problem solving in a unified
fashion.

The curriculum resource book and commentary is

found in Appendix A.

The curriculum is written for

elementary school teachers;
intended audience.
curriculum,

the

language reflects the

For the sake of completeness as a

relevant research findings are summarized

even though a thorough review of research is presented
in Chapters Two and Three.
The curriculum is presented as a resource book
made up of seven units.
school teachers;
audience.

the

It is written for elementary

language reflects the intended

For the sake of completeness as a

curriculum,

relevant research findings are summarized

even though a thorough review of research is presented
in Chapters Two and Three of the dissertation.

The

first unit of the curriculum contains the rationale for
suggesting a unified framework (titled TACTICS)

to

instill critical thinking skills for effecive problem
solving;

Unit Two contains general explanations of some

of the critical thinking and problem solving techniques
and refers to research in the field;
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Unit Three

describes how to implement the TACTICS framework and
Unit Four can serve as a springboard for introducing
the TACTICS framework to students.

Unit Five is

devoted to Logo and the application of problem solving
techniques in the computer classroom;

Unit Six

describes the application of problem solving techniques
to writing using a wordprocessor and Unit Seven
contains a discussion of simulations for social studies
and science.

Since the reader of the resource book is

encouraged to select the units most relevant to his/her
teaching needs,

specific teaching tools such as the

Heuristic Bank are adapted to each specific unit.
results in some redundancy between units,

This

though not

within a specific unit.
The curriculum resource book is contained in
Appendix A.

Included also in this Appendix is a short

discussion of trial

implementations of earlier pilots

of this curriculum.
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CHAPTER

FIVE

CONCLUSIONS

Summary of Approach:

Issues

in Education

In this dissertation we reviewed the literature on
critical thinking and problem solving,

especially as

they relate to teaching elementary school students to
begin learning to think through problems
systematically.

The computer classroom was used as the

model for these activities.

Programming with Logo,

writing with a word processor and using computer
simulations were

investigated as example domains

providing useful activities in which to embed problem
solving and critical thinking concepts.
In the field,

there is ambiguity as to how

critical thinking and problem solving relate to each
other.

The term,

critical thinking,

serves as a

general umbrella for the many skills that are used when
thinking through an idea,
subject.

In the

a problem,

or study of a

literature on critical thinking,

problem solving is often included as one of many
thinking skills.

Conversely,

problem solving session,

in a

it is the application of

critical thinking skills that supports the solver
through the process of solving a problem.
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We argue

that problem solving is a primary critical thinking
skill which also incorporates the use of other critical
thinking skills.
There are two schools of thought regarding the
possibility of transfer of critical thinking and
problem solving skills.

One viewpoint holds that if

one problem solves in one area one should be able to
transfer

(generalize)

general problem solving skills to

other areas.

The other viewpoint is that transfer is

not possible,

that critical thinking skills are subject

specific.

This of course has been a bone of contention

for many decades.

However,

the little experience that

we have had with TACTICS (critical thinking and problem
solving teaching system)

indicates that it is an

effective method to promote generalization of problem
solving skills.

Obviously, whether this approach

proves useful will depend on further application of the
TACTICS framework with different populations,

settings

and subject areas.
The approach we advanced and labeled as TACTICS is
comprised of eight teaching elements.

Four elements

focus on princples to teach critical thinking and
problem solving.

The elements are:

1)

Stress development of metacognition;

2)

Encourage use of a general approach to problem
solving;
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3)

Encourage use of strategies;

4)

Stress development of inquisitiveness i.e.,
critical thinking spirit.

a

The additional four elements to promote transfer are:
1) Use consistent terminology;
2)

Encourage

labeling skills as they are used;

3)

Continue to build bridges between different
situations where the same general skills or
strategies are used, through conscious application
of strategies and the review of their effectiveness;

4)

Encourage students to develop their own applications
for skills and strategies and to discuss the impact
of their use.

Four teaching tools were designed to incorporate the
elements enumerated above:
1)

The Polya Model. This is a four step problem
solving model that helps the problem solver to
focus on defining the problem, planning,
implementing the plan, solving the problem and
reviewing.

2)

The Heuristic Bank.
This provides strategies for
the problem solver to use while using the Polya
Model.
Specific heuristics are suggested for each
step and many are designed to specifically develop
metacognitive skills.

3)

Reference Manuals.
This refers to the use and
creation of reference manuals to aid students in
the problem solving process in specific subject
areas.

4)

Student Journals. These can be used as as
stand-alone tool by or can be incorporated into a
reference manual.
Students' entries should reflect
their thought processes and might involve notes
taken when using the In-Process, End-of-Process,
Bug the Bugs, The
Questioner, or So What's New
strategies.
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The

development of these

and tools

led to

the

instructional elements

elaboration of curriculum

form of a resource book containing

instructions

in the
for

implementation and prototypes of curriculum examples
the

areas of Logo,

writing,

and use of simulations.

Advantages of the

The
critical
is that

advantage

System

of the TACTICS system over other

thinking and problem solving teaching systems
its

application

simple

structure and flexibility

in many areas.

situations.

Teachers can start

fairly rapidly as
using the

will become

apparent.

The

increase

As both teachers and
more

applications

repertoire of

familiar

for both students and teachers

system at whatever

gradually

system

experienced with

tried and used repeatedly.

begin using the
comfortable,

implementing the

the TACTICS framework,

heuristics will
are

fit many needs and

soon as they become

four TACTICS tools.

students use

facilitate

Suggested heuristics are

broad and comprehensive enough to

as more

in

Teachers can

level

increasing the

feels

frequency of use,

the

emphasis on techniques and metacognition and the

use

of heuristics.

Specific

areas of curriculum can be

suggested by classroom teachers,
trainer or computer

and the

inservice

teacher can model how the TACTICS
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framework would be
(such as

graphic

applied to each area.

Logo projects

representations of the earth's core),

writing topics and themes of simulations can relate
any classroom curriculum.
studies can be

easily

to

In this way classroom

linked to work

in the

computer

classroom.

Hqw could the—system
Inservice

be

improved or elaborated?

training courses which allow for

demonstrations and follow-up would facilitate TACTICS
being used effectively
have

it

is possible

a method of this

successful
that

Though teachers

already found preliminary versions of the resource

book helpful,
of

in classrooms.

an

that a written description

sort may be too complex for

indepth application.

intensive

inservice

It

is for

this reason

demonstration of the

implementation of TACTICS would be beneficial.
In the

present

dissertation,

each mini-unit

focuses on an aspect of the TACTICS model.
have

found this helpful

TACTICS can be

applied.

in seeing different ways
It may be that

would gain greater utility
prototypes of specific
process.

However,

Teachers

the curriculum

if each mini-unit provided

planners and a

this might result
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step-by-step
in too much

redundancy.

Further trials and feedback from teachere

would clarify this point.
The TACTICS framework and curriculum should be
tested.

One way would be to compare and contrast

problem solving work of students systematically
instructed in critical thinking skills and problem
solving with those of students who are

in computer

classrooms but not specifically trained in critical
thinking skills.
to TACTICS.

Other methods should also be compared

Students trained in TACTICS might be

compared to students trained with the Talents Unlimited
program.

Studies should have a one to three year

duration;

studies of three years'

more definitive results.

duration should yield

Different grade

levels,

different student populations and urban and rural
settings are other factors to consider when designing a
study.

Also,

the TACTICS

approach has already shown

signs of being very valuable to the newly acculturated
student or to students in a bilingual classroom.
should be explored further.

This

Applications in all these

areas should be studied.
It should be noted that no really adequate
technique has been developed to test for critical
thinking and problem solving skills.

Certain tests

have been developed but they may not test the specific
problem solving and thinking skills emphasized with
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TACTICS.

The question is,

are they appropriate

instruments for evaluating differences?

Future Directions

The focus of this dissertation is on TACTICS'
application in a 6th grade computer classroom.
the series of informal pilots using TACTICS,

Through

and

through responses of classroom and computer teachers,
it has become clear that the TACTICS approach can
readily be applied outside the computer classroom.
Because of the nature of the approach,

it can be very

useful for bilingual classrooms because it facilitates
peer-interactions,

group and individual work, with both

cooperation and independence being required.
Communication skills are developed in the course of
using the four TACTICS tools.
The TACTICS model in the present is not
specifically designed for younger grades;

however,

the

approach can be modified for grades 1-4 by reducing the
number of heuristics.

TACTICS in its present form can

effectively be used in grades 5-12 in different subject
areas.

In the course of the

last informal pilot, we

were approached by a school system to conduct a
system-wide teacher training course for grades 6-12,
establish the utility of the TACTICS approach across
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to

grades and disciplines.

At the time,

because of many

personal and impending budgetary considerations,
project was not possible.

this

We would like to see such a

direction taken in the future coupled with research
that would help fine-tune the method.
Instruction in critical thinking and problem
solving that

is embedded in subject area studies in a

consistent manner,

progressive through the grades,

would do a great service to our students and give them
the skills needed for our fast-changing world.

TACTICS

is designed to work progressively through the grades
and at the same time is designed to be effective in
isolation,
classroom.

e.g.,

for a year's study as in the computer

A network of teachers using TACTICS would

help students to truly internalize critical thinking
and problem solving skills and give them the base to
apply these skills more broadly.
We believe that the TACTICS approach has broad
utility but we would hope that research workers and
teachers will rigorously test the approach in different
settings and with different experimental hypotheses
leading to

improved teaching methods to the benefit of

our students.
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UNIT 1
PROBLEM SOLVING - CRITICAL THINKING:
A UNIFIED FRAMEWORK TO TEACHING A PROCESS APPROACH

^-Bridge Between Areas of study
Computer Classroom

in

the

As educators, we yearn for a classroom of
inquisitive minds,
question.

eager to probe the depths of a

We work towards creating independent critical

thinkers by using our intuitive understanding of
problem solving and our experiences in the classroom.
Research in critical thinking,
describing educators'

successes in teaching problem

solving and critical thinking,
along the way.

and literature

offer us guideposts

The approach described in this resource

book couples theory with practice,

presenting a unified

approach to teaching problem solving,
of critical thinking.

an intregal part

Through consistent application

of problem solving techniques in many contexts and
subjects we are
fashion.

instructing students in a unified

This approach can be modified to work with

students from grades four to twelve.

For the purpose

of curriculum demonstration in this resource book,

we

use examples from a sixth grade computer classroom.
This TACTICS

(Tools to Assimilate Critical

Thinking in Classroom Subjects)

approach is based on

the

following underlying assumptions:

1.

Critical thinking can be taught.
Problem solving
skills are an intregal part of critical thinking
skills.
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40 ■
Instruction in problem solving makes better problem
solvers.
A process approach to solving problems can
help students become strong problem solvers.
3.
Embedding instruction in problem solving/critical
thinking within subject matter is an effective way to
teach these skills.
4.
Students will strengthen these skills through
consistent reinforcement in different contexts and
within different subject areas.
5.
A unified approach can provide an important
springboard for students to apply these skills
independently in new contexts, thus promoting
generalization.

Purpose of this Resource Book:
1.

To provide a framework for teachers wishing to
implement a problem solving and critical thinking
curriculum within their subject area.

2.

To provide a means of strengthening the work of
many teachers, across grade levels and disciplines,
by providing a framework for a unified approach.

3.

To provide an overview of research in teaching
critical thinking and problem solving.

4.

To ground this research by providing curriculum
prototypes for a sixth grade computer classroom
that couple theory with practice.
Teachers interested in teaching critical thinking

and problem solving in their classrooms will find this
handbook useful.

Curriculum units on Logo, writing,

use of simulations will be useful for any computer
teacher.

Classroom and subject teachers may find many

of the curriculum ideas presented in this resource book
applicable to their classroom work.

These units are

resources for teachers to bring problem solving into
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the curriculum in a unified fashion.

We would hope

that subject area teachers can bring their experience
to this approach and create curriculum that teaches
problem solving as well as content.

How Can This Manual Be Most Effectivelv Used?

This resource book is designed to allow teachers
to pick and choose which units are most appropriate for
their needs.

Hence each unit can stand alone.

The

TACTICS framework and supporting background material
are presented in the first three units.
provides an introduction and overview.
What Research Tells Us.

The first unit
The second.

discusses research on critical

thinking and problem solving in terms of instructional
practices.

It can be skipped if one

focus on the TACTICS framework alone.
Getting Started,

is wanting to
The third unit,

includes a description of the

framework and instructions for implementation.

This

includes a heuristic bank which provides teachers with
tools to use with this approach.
the most

Getting Started is

important unit regarding implementation and

Kvpftrt. Problem Solvers is a good prototype unit that
can be used in or out of the computer classroom.
Rypfirt.

Problem Solvers,

is suitable as a means to

introduce the TACTICS framework to students.
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We

suggest that

later on the teacher can tailor his/her

own leseone or can use examples given in this manual.
For teachers wishing to use a more structured
approach,

prototype curriculum units are provided.

curriculum units cross disciplines in math,
social studies,
use of at

writing,

and Logo.

least one computer,

science,

All units include

but many can be used

independently of the computer.
Logo,

The

Note that the unit on

demonstrates in detail how the TACTICS approach

can be used in a Logo environment and can be a good
springboard for introducing the TACTICS framework when
writing or using simulations.

It also provides an

example for other teachers to adapt and model in their
classrooms.

Increased communication between teachers

using this approach will strenghthen students'
assimilation and application of the methods advocated.

Implementation

A general approach to problem solving and specific
strategies are offered as a means of teaching problem
solving across the disciplines.

The computer classroom

is used here as a model to exemplify use of this
approach.
tool:

The computer is considered as a thinking

the word processor

is used to edit text,

simulations to depict a concept or event.
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and

Logo is a

graphics tool

and a way to concretize math concepts.

Many of the

ideas presented

in this curriculum guide

can be used

in and out of the computer classroom or as

a bridge between computers and subject areas.
on

implementation

in the classroom are

given

Details
in the

unit Getting Started.

Rationale

Why Teach Critical
For over

a decade

committees have
schools do

not

Thinking or Problem Solving?

reports

stated that

from national education

a majority of our nation's

successfully teach students to apply

strong critical

thinking and problem solving skills

either

schoolwork or

in their

outside of
economic,

school.

The need

and political

successfully,

in environments they meet
is clear at the

levels;

to

function

our complex technological

society

requires

informed,

There

a growing movement of educators who

that

is
it

critical
subject
that

is

critical,

important

to

and discerning adults.

incorporate

the

thinking and problem solving
disciplines.

develops

inferring,

We

feel

self-monitoring,

analyzing,

teaching of

skills across the

questioning,

synthesizing,

and evaluating can provide
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recognize

that educational practice

such skills as defining,

planning,

social,

a basis

for

such a cross disciplinary approach.

Current

strongly supports the theory that active
students become more
confirms that
effective.
their

involved

in

research

thinking helps

learning.

Research

teaching problem solving can be

As students become better problem solvers,

self-esteem

improves and academic

skills are

usually strengthened.
The

approach we

advocate

in this manual

self-awareness of thinking habits,
thinking,
to

and the

emphasizes

independent

teaching of a generalizable

approach

problem solving that uses teachers and peers as

guides

in this process.

It

stresses peer collaboration

and risk taking when solving a problem.
needs of a diverse population,
wide

range

of

it takes

learning styles.

learner.

It

confident

students as well

independent

etrengthe,

mutual

and

This

as with students who have

respect of

student

to

The climate of a

students and teachers,

interactions,

often crossing

language barriers.

approach

effectiveness

and more

classroom reflects an emphasis on student

builds positive peer
cultural

account a

is effective with academically

learning and behavioral problems.
collaborative

into

This approach

accommodates and serves both the
dependent

Geared to the

lies

practice

is

simple,

yet powerful.

in providing opportunities
in new contexts and
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Its
for

in teachers

and

using consistent terms and heuristics
strategies).
when there

The

(problem solving

impact of this approach is heightened

is a network of teachers using this

approach.
Using a unified framework for teaching problem
solving allows us to focus on specific skills as they
are used in a broad range of contexts.

The following

critical thinking skills are used repeatedly:
defining,

questioning,

synthesizing,

planning,

and reviewing

self-monitoring).

analyzing,

(revising and

We emphasize these skills in the

context of problem solving,

through using a modified

Polya Model/Four Step Approach and related heuristics.
(This model and heuristics will be described in the
unit Getting Startedinstruction,

By providing consistent

we give students the means to generalize

the critical thinking skills and heuristics that they
have

learned.

Conscious application of the Polya Model

and heuristics reinforces the

idea that these are

valuable aids in problem solving.

Rationale for Teaching Problem Solving Framework as a
Process

Why Design a Unified Approach? Teachers often
complain that many students start problems and stop
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midway as soon as they encounter difficulties.

Many of

these students would often consider an outlandish idea
before thinking of using a reference book,
what they ve done,

or asking someone to

reviewing

listen to their

thinking.
Tbe TACTICS framework addresses the underlying
cause behind this behavior.

Students often do not know

that even expert problem solvers feel utter frustration
at times;

that reviewing one's steps and thinking,

starting again,
solution;

or

are often imperative for finding a

and last,

but not least,

that specific

techniques or strategies or a general approach can be
an aid.
When looking at models of problem solving
described in the
humanities,

literature,

writing,

in math,

social sciences,

and in psychology,

one sees

definite parallels in the steps that are used as a
framework to approach a problem.
heuristics
the

(strategies)

Each area has

that they recommend.

strategies overlap between disciplines.

Many of
It

is on

this premise of commonality among approaches that the
idea for the TACTICS framework evolved.
Problem solving is often termed a process in each
of the aforementioned domains.
parts,

generating questions,

Breaking a problem into

brainstorming and
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listening to each others

ideas,

taking notes,

and

using resource books are all common strategies.
Research indicates that students benefit greatly
from knowing strategies that are helpful and from
feeling confident in applying them.

It has been

reported that actively approaching a problem is a
characteristic of sound problem solvers.
The heuristics outlined in this manual can be
lifelong friends.

They are not meant to work for every

problem or in every domain,
many.

but they are useful

in

The units described in this resource book

outlines ways to use these heuristics across the
curriculum.
Minimally,

the key to becoming a good problem

solver is being active and having effective tools.

If

young students can learn this early on, we can
anticipate that when they later are faced with more
complex domain-specific problems they will have had
experience

in choosing and using appropriate problem

solving techniques.
We wish to

instill in our students the desire to

seek a solution and decide which tools will bring them
to this goal.

We have found that the TACTICS framework

will help students to reach this goal.

Teachers'

communications with each other as they use this
approach will expedite this process.
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When one hears a

truth

from many sources,

pause and think.

it always causes one to

Let's give our students this

opportunity.
When using the TACTICS system,

the following goals

may serve as guidelines for designing instruction.

GOALS AND OBJECTIVES
Goals One through Four

Goal One
Students will develop critical-thinking/problem-solving
skills.

Goal Two
Students will

learn a general approach to solving

problems.

Goal Three
Students will

learn specific heuristics.

Goal Four
Students will become aware that strategies used in one
subject can be used in other subjects.

Objectives of Goals One Through Four

1.

Students will identify the benefits of using a
general approach to solving problems.

2.

Students will understand the concept of heuristics
(helpful strategies).
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3.

Students will

learn to use heuristics effectively.

4.

Students will choose an appropriate heuristic as a
solution path for a particular problem.

5.

Students will be able to identify heuristics they
see modeled.

6.

Students will be able to identify any heuristic
they use.

7.

Students will identify the benefits of learning
heuristics.

8.

Students will understand that heuristics are
effective tools in other subject areas and in
practical matters in life.

9.

Students will learn how to U6e the Polya Model of
Problem Solving and be able to identify the
different stages.

10.

Students will be able to suggest different
heuristics that can be helpful during a specific
stage.

11.

Students will use the Polya approach when solving
problems or doing projects.

12.

Students will identify ways that the Polya Approach
can help them accomplish their tasks.
("Polya
Approach" is defined in the chapter "Getting
Started.")

13.

Students will help each other to identify critical
elements in problems and suggest heuristics that
may be helpful.

14.

Students will use the skills of defining,
questioning, planning, analyzing, organizing,
revising and synthesizing when trying to solve a
problem.
Goal Five

Students will cultivate a

critical thinking spirit

and a love of inquiry.
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Objectives of Goal Five

1.

Students will realize that a "critical thinking
spirit
is essential to all areas of their lives.

2.

Students will see that self-reflection and
self-questioning "feed" a critical thinking spirit.

3.

Students will learn to use self-reflection and
self-<=luestioning as tools to refine their thinking.

4.

Students will identify ways they can develop a
"critical thinking spirit."

Goal Six

Students will develop their executive functions
(metacognition).

(See chapter "Getting Started," which

defines metacognition as self-reflective skills.)

Objectives of Goal Six

1.

Students will notice when they reflect on a problem
and see the benefits of self-reflection and
self-questioning.

2.

Students will develop their metamemory by choosing
learning strategies that fit their individual
styles.

3.

Students will be introduced to the following
thought processes:
defining, questioning,
planning, analyzing, organizing, revising and
synthesizing and will gradually learn to label the
processes when they are being used.
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UNIT II

WHAT RESEARCH TELLS US

Research findings give us clues to strengthen
instruction in critical thinking and problem solving.
Presenting a general approach to solving a problem
provides a structure to teach specific skills and,
importantly,

more

a means of becoming aware of the process

of problem solving.

Having this awareness helps

students apply this process in other contexts,

and

develop strong metacognitive

skills.

(self-reflective)

(See section on metacognition later in this unit for
more details).

Research on Critical Thinking.

As problem solving skills are a subset of critical
thinking skills,

let us first look at research on

critical thinking.
ways we,

In this section we will look at

as teachers,

critical thinkers.
who can analyze,

can help students become better

We define a critical thinker 6.S one

infer,

evaluate,

and synthesize

information in a variety of settings,
disposition to reason.

and has the

A critical thinker has the

willingness and capacity to question his/her own
thinking.

We will explore ways to maximize students'

opportunities

in gaining and generalizing critical

216

thinking skills.

When studying programs nationwide

that formally teach critical thinking, we see the
influence of the following beliefs and principles:

1*

Critical thinking skills can be taught to young
children.

2.

When taught within a particular subject area, the
student should first be grounded in the particular
discipline.

3.

A standard taxonomy of critical thinking skills
should be used in all the student's classes.

4.

Students of all ages should learn how to identify
the critical thinking skills they are using at a
particular time.

5.

Creating an environment where a "critical thinking
spirit" can grow and flourish is very important.

6.

This critical thinking spirit is crucial for the
effective application of these skills.

7.

Depending on the subject, students will use
different reasoning skills.
Material to exercise
these skills must be presented at an appropriate
developmental level or grade level.

8.

Teacher and peer modeling of the skill
important.

9.

Students need to practice these skills in
different contexts over a period of time.

10.

Instruction in these skills must accommodate the
particular learning style of the student.

11.

If one expects generalization of reasoning skills,
it is helpful to build a bridge between domains.
One technique is identifying the skills as they
are employed in class using consistent language.
Another is practicing with the skills in new
contexts.

12.

Teachers as well as students can benefit from
training in incorporating instruction on critical
thinking in the classroom.
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is

13.

Teachers working together can unify the student's
experiences of reasoning in different disciplines.

itormulftting

Curriculum

If we study the viewpoints of these experts in
critical thinking we can gain a direction in
formulating curricula.
stressed in the

The following principles are

literature.

1.

Instructors should be specific about which skills
are being used in a lesson.
They should work
toward having students identify the skills when
they are using them.

2.

Activities should be designed and implemented that
build these skills.

3.

Students should consciously look at a situation
and decide and identify which skill(s) can best be
used. Dialectical thinking (thinking about
different perspectives and one's own thinking
patterns) should always be encouraged.

4.

Give extended practice in steps 1 through 3,
varying the type of problem or context.

5.

Continue this practice over a long period of time.

6.

Relate critical thinking skills used in one
discipline to similar thought processes in another
discipline.

7.

Do this in the context of concrete problems.
As
students work through the problems, encourage
labeling the skills in action.
Help them
recognize skills in new contexts.

8.

Concentrate on specific skills and work on those.

9.

As students work, develop methods for them to
self-reflect, thus building their executive skills
or metacognition.
(See section on metacognition
in "Getting Started" for more details.)
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10.

Adhere to the principle of repetition.
Ensure
students of the opportunity to solidly incorporate
use of the specific reasoning skills before
emphasizing others.

11.

Provide instruction geared to the developmental
level of the students and to their learning
styles.

12.

Emphasize critical thinking skills in as many
areas of the school's curricula as is possible.

13.

Do note common fallacies or “bugs” in thinking,
especially in respect to a specific discipline.
In Summary,

the following points are

important to

consider when designing a curriculum to teach critical
thinking skills.

1.

Students need to develop a critical thinking
attitude.

2.

Many experts in the field believe instruction in
thinking critically is considered to be most
effective when embedded in a subject area.

3.

Development of metacognition are key to developing
critical thinking skills.

4.

A large number of students do not develop strong
critical thinking skills without specific
instruction.

5.

Instruction should be progressive throughout
students' school years and be embedded in
different subject area.

6.

Providing students with "bridge curriculum" can
help them use critical thinking skills in a new
context.

7.

Training of staff is important for effective
implementation of a program to teach critical
thinking skills.

8.

A cooperative effort between teachers of different
subject areas is seen as beneficial when teaching
these skills.
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Research on
Problem solving,
thinking,
Polya,

is a skill

leader

in his book,

in the

an

Problem Solving

integral part of critical

that can be

George

field of problem solving,

Mathematical

Learning and Teaching

learned.

writes

Discovery on Understanding.

Problem Solving,

the

following

definition of problem solving.

Solving a problem means finding a way out of a
difficulty, a way around an obstacle, attaining an
aim which was not immediately attainable.
Solving
problems is the specific achievement of
intelligence and intelligence is the specific gift
of (hu)mankind. (Polya, 1981, p. ix)
Research

in this area gives us clear direction

improving our

instruction.

Let us

first

in

look at

characteristics of good and poor problem solvers,
at

then

teaching methods that help students become more

effective problem solvers.
Whimbey & Lochhead,
contrast

the

authorities

in the

field,

characteristics of effective problem

solvers and the characteristics of poor or

ineffective

problem solvers.

Effective problem solvers have

positive

towards tackling problems.

attitude

concerned with accuracy and take
nature

of the

problem,

noting relevant

They know how to break a problem
Effective

time

to

They are

recognize

the

information.

into manageable parts.

problem solvers avoid guessing,
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a

working

from

start

to

finish

in small,

well thought out

steps.

actively approach a problem using methods that

They

increaee

their understanding of the problem and their accuracy.
The mark of an experienced problem solver
his/her ability to redefine
findings also

indicate

the problem.

Research

that many scientists and

mathematicians rely on a store of specific
to

solve

problems.

A

consciously accessible
function

for

"pocket

specific

strategies

full of tricks"

that

is

and a developed executive

(metacognition)

and choosing

is

for remembering the

"tricks"

are

repertoire

important elements

an effective problem solver.
Among poor problem solvers there

characteristics.

are many

Poor problem solvers are

immediate

frequently

impatient

for

problem.

They may get easily discouraged and stop

working on the
experience

specific

They may have

require

strategies.

Others take

which often results

realizing that

experts might

in dead ends.

similar juncture.

feel

in their

in using

the path of

frustration they often stop,

little

lengthy

little confidence

and are not trained or practiced

resistance,
signs of

into the

Often times they have

in solving problems that

deliberation.
abilities

problem.

and easy pathways

shared

least
At

rather than

frustrated at

Many have not developed their
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a

first

executive functions and may impulsively jump to
conclusions that

lead them astray.

How Can We Help Students Become
Better Problem Solvers?

Key Elements When Teaching

Creating an environment where a critical thinking
spirit flourishes is the most crucial element when
teaching problem solving or critical thinking.
Research indicates that a questioning mind can help
improve performance and the
It

learning of related skills.

is important to stress the following

characteristics as they relate to specific subject
areas:

-Active problem solving
-Active questioning and self-questioning
-Planning
-Following an overall approach
-Self-monitoring one's steps
-Choosing the appropriate heuristics at
the right time
-Using of resources.
We believe that with proper training in
hpuriRtics.

solving problems in a supportive

environment can:

1.

Ignite and sustain a critical thinking spirit
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2.

Create a love of exploring, and promote a
W^-H^n6ness to make mistakes and see them as bugs
in thinking.
Give the realization that words,
theories are malleable.

ideas,

and

Accustom the students to choose an appropriate
strategy for a particular problem and encourage
flexibility in shifting from one appropriate
strategy to another.
5.

Demonstrate that everyone experiences blind
corners and moments of frustration when solving a
problem, and that sticking with a problem can
bring success.

6.

Remind students that there are always resources to
call on for help.

7.

Concretize the notion that peers are resources in
solving a problem.

8.

Introduce the practice of calling on an "expert"
for a new perspective, modeling, clues or help in
isolating critical elements of a problem.

9.

Help students recognize that organization tools
can make the task easier and save time.

10.

Help students realize that the process of solving
a problem provides valuable experience for solving
future problems.

Instructional Strategies

Research on problem solving in math and other
areas givee us further clues that can also be used in
other subjects.

Findings seem to indicate that:

1.

Students benefit from learning a general approach
to solving a problem and learning specific
heuristics.

2.

Students benefit from incorporating problem
solving throughout the curriculum.
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3.

Students need practice applying this approach and
choosing and using appropriate heuristics.

4.

Teachers should encourage a broad use of
heuristics which are experimented with when
solving a problem.
Ask students to apply the same
heuristic in different contexts.

5.

Students benefit from the opportunity of facing a
problem with no immediate solution or obvious
approach.
They should be encouraged to test and
generate different approaches.

6.

There is no single strategy that works best for
all problems.

7.

The frequency of use of a specific heuristic
depends on the problem appropriateness of the
strategy for the student's developmental level.

8.

A student's developmental level is related to
ability
to solve specific problems.
A teacher
should be
careful not to underestimate or
overestimate the student's ability, and should
give problems at an appropriate level.

9.

Multi-step problems are harder.
Systematic
approaches are helpful here as breaking a problem
into parts.

10.

Discussion of problems and solutions is helpful.

11.

Discuss why a planned approach is helpful, why
specific
heuristics are being chosen, and the
student's plans.

12.

Encourage students to periodically review the
steps they've taken as they solve the problem.
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16.

Provide opportunities for students to work in
small groups as well as independently.
Ask
students to reconsider their thinking and note
what they would do differently next time.

17.

Develop a peer resource bank that encourages ways
to help each other: peer problem solving bulletin
board, student assistant utilization, and methods
that aid students in helping each other find bugs.

18.

Provide opportunities for students to use problem
solving skills in all subject areas.

Examples of Heuristics

Some examples of heuristics that can be taught and
generalized are:
1.

Represent the problem.
graphs, diagrams, maps,

This includes creating
idea trees, prose, etc.

2.

Restate the problem.
Nutshell the problem.
(Describe the problem in as few words as
possible. )

3.

Think of a related problem and try to solve that
first.
If possible look at solutions of related
problems and make inferences that will help solve
the problem under question.

4.

Think of an analogy or metaphor that will help
make the problem clearer or provide understanding.

5.

Break the problem into parts and try and solve
each part.

6.

Play with each part of the problem, extending
one's understanding of each part as far as
possible.
Isolate different variables and play
with them in the same fashion.

7.

Do a random search for clues or use trial and
error in playing with aspects of the problem.
If
helpful,
divide and use this tactic on specified
parts of a
problem.
This is known as the
split-half method.
At the same time, look for
"bugs in thinking".
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B.

Use another person as a resource.
••Employ" that
person as an interviewer.
Use the opportunity to
clarify thinking and raise new questions.
Giving
a voice to one s thoughts can be very helpful.
Consult an expert or a peer for new information, a
new perspective or a hint that may "unlock the
door".

9.

Work backwards towards a solution, and then
forwards to concretize one's understanding, or
vice versa.

10.

Verbalize one's thinking as one solves the
problem.

11.

Use a set of questions to clarify thinking.
In summary,

strategies

use of a general approach,

(heuristics)

specific

and an emphasis on developing

metacognition are vital elements when instructing
students in problem solving.

Embedding these elements

in problems across subject areas will help students to
strengthen these skills.
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UNIT III

GETTING STARTED

TACTICS;—Eramework

for Teaching Problem Solving as
a ProcftRR

Solving a problem is a process whether in math,
science,
probe,

computers,

hypothesize,

writing,

or in life.

make mistakes,

We explore,

and question as we

seek a solution.

Most often,

in

In this unit we offer a framework

tHiw process.

having a strategy aids us

that can help teachera structure their teaching of
problem solving and that equips students with tools for
problem solving.
The approach is simple.

Students are taught a

general approach to a problem and accompanying
heuristics that can be generalized for use
contexts.

in different

The success of implementation depends on

creating an atmosphere for active thinking and
consistent reinforcement about using the approach,
heuristics,

and terms.

This framework consists of three implementation
elements:

Teacher Perspective,

Student Instruction,

and

a Teacher Network.

Teacher Perspective:
following thoughts:
*

When teaching,

consider the

Encouraging active questioning in the classroom
will support an alive problem solving
atmosphere.
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Students can best learn problem solving through
consistent instruction in a general problem solving
approach and strategies, clear goals, and continual
practice.
*
Instruction in problem solving can be
effectivelyembedded within curriculum units.
*
Using consistent terminology and using the same
approach and heuristics can help students general
problem solving skills.
Student Instruction:

Incorporate the following

elements when providing instruction in a process
approach to problem solving:

1.

Use the Polya Model - Four Step Approach to Problem
Solving as the core when teaching problem solving.
Always encourage students to create a "Planner."
(See details on this model later in this appendix.)

2.

Use the same heuristics repeatedly in different
contexts.
Select these from the "Heuristic Bank"
that is described at the end of this unit.
Use the
heuristics' names that are given in this "bank."
Before you begin teaching a unit, decide which
heuristics you wish to teach or emphasize.

3.

Make sure that all materials needed to support the
use of the selected heuristics are readily
available for the students.

4.

Always follow a model of teaching that stresses
demonstration, independent and group practice,
applications in different contexts, review and
discussion.

5.

Always include group, teacher/student, and
pair/peer discussions as part of this process.

6.

Use this framework in each subject area, in and out
of the computer classroom.
Encourage use of
consistent terminology among all teachers involved
in using this framework.
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Teacher Network:

Create a communication network with

other participating teachers to increase the
©ffectiveness of this approach.

These three

implementation elements can be further

refined into eight instructional elements:

Four Elements of Instruction to Teach Critical Thinking
and Problem Solving:

1-

Stress development of metacognition.

2.

Encourage use of a general approach to problem
solving.

3.

Encourage use of strategies

4.

Stress development of inquisitiveness i.e.,
critical thinking spirit.

a

Four Teaching Elements to Promote Transfer:
1.

Use consistent terminology.

2.

Encourage

3.

Continue to build bridges between different
situations where same general skills or strategies
are used through conscious application of
strategies and review their effectiveness.

4.

Encourage students to develop their own
applications for skills and strategies and to
discuss the impact of their use.

labeling skills as they are used.

Tools for Implementation

Four teaching tools are used in this approach.
They are The Polya Model,

The Heuristic Bank,
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Student

Reference Manuals,

and Student Journals.

Each tool

serves as a source of guidance when solving a problem.

Tool One:

The Polva

When a student
undergo

is solving a problem,

a similar process,

discipline.

George Polya,

problem solver,

regardless of the
a famous mathematician and

advocates following a general procedure

when

solving a problem,

aids

in the process.

Problem Solving,

s/he may

the

using specific heuristics as

Following the Polya Model of
student

is asked to

follow these

steps:

1.

Define the problem.
Through thinking about the
problem, the student must derive a definition of
the problem, recognizing its limits and special
characteristics.
Self-questioning techniques are
employed.

2.

Make a plan.
The student devises a plan to solve
the problem.
In order to do so, the student must
ask questions, break the problem into parts and
organize his/her ideas and approach.
We recommend
students create an outline of their plan and name
this

3.

their

"Planner."

Trv the plan.
The student tries the plan and
attempts to solve the problem.
When doing this,
the student must continue self-questioning and
increase the self—monitoring process, choosing
appropriate strategies and reevaluating and
reformulating the plan.
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4-

Solve the.,problem and r^vipu
The atudent makes
sure the solution has integrity and is truly a
solution
In doing this, the student reviews
his/her thinking process, calling upon such
metacognitive skills as self-reflection.
During these

four steps,

the

following mental

processes are usually done again and again:

-

Questioning

- Analyzing and synthesizing
Reviewing the process, through use of self-reflection
and other metacognitive (self-reflective) skills
- Planning and reformulating plans
- Choosing resources that are helpful.
We believe
practices,
basic

that with effective

instructional

this approach can be a means of teaching

problem solving skills that then can be

generalized to work
on the
skills,

in other subject areas.

following critical
taught

We

focus

thinking/ problem solving

in the context of using the

Polya Model:

defining,
questioning,
planning,
analyzing,
synthesizing,
reviewing.
The

following heuristics are

Developing and using a

emphasized:

list of questions to clarify

thinking;
Defining and redefining by nutshelling the problem:
Breaking the whole into parts and studying the
relationship of the parts to the whole (thereby
analyzing and

synthesizing);

Working with a partner to debug and clarify thinking,
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Searching one s memory and resources for analogous
problems using a set of questions like:
"What do I
know.
What do I think I know? What do I need to know?
(lhese questions were generated by participants and the
director of the Basic Challege Program in Acton,
Massachusetts.)
When making a plan, developing and using a check
to be used in the reviewing process.
The

teacher s priority

thinking spirit of the

list

is to nourish the critical

student,

thus encouraging

motivation and active use of the

aforementioned skills

and heuristics.
Through conscious use
come

to realize

effectiveness.
solvers"

of these

skills

the validity of these

students

tools and their

They join the ranks of

"expert problem

by having their tools ready and knowing how

and when to use
Polya Model

as

them.

Tool Two

is the companion to the

it names strategies that

serve as

"thinking tools".

Tool Two:

The Heuristic

In the

classroom we

solving skills:
synthesizing,
heuristics
the

Bank

focus on five main problem

defining,

questioning,

and revising/monitoring,

(problem solving

learning of these

strategies)

skills.
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planning,
while
that

offering
support

The Polya Model of

Problem Solving

is the

the

instruction on problem solving.

core of our

"umbrella"

for these

skills and

using a unified approach to problem solving,
students the means to generalize critical
skills and heuristics that they have
work

in other disciplines.

By

we

give

thinking

learned

in Logo to

The heuristics described

in

The Heuristic Bank are examples of strategies that can
be

generalized and used

in many subject

areas.

Heuristic—Bank

presented here,

can be used

"^He
across

subjects areas or adapted to

of an area as presented
writing.
be

The units

included

teacher.

simulations

studies are

They can be

given before

This

study

in this resource book may
in an order

Units on writing and

included after the
Logo

Logo unit.

if students are

introduced to the Polya Model,
the unit

specific

in the units on Logo or

presented sequentially or given

preferred by the

the

first

The Heuristic Bank and

on Expert Problem Solvers.

section

is divided

into three

sections:

goals

and descriptions of collaborative and autonomously
applied strategies.
manual

An example

of a student heuristic

is provided that can be used across disciplines.
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Goals of Using the Heuristic Bank

General Goals:
1.

Students will develop critical thinking/problem
solving skills of analyzing, planning, defining,
synthesizing, and self-monitoring by using these
heuristics.

2.

Students will
skills.

3.

Students will choose and ap>ply appropriate
strategies for the problem at hand.

strengthen their metacognitive

Specific Goals:
1.

Students will learn that being aware of one's own
thinking process can help them solve a problem.

2.

Students will learn collaboration techniques to
make their thinking more visible to themselves and
allow them to learn from their peers' thinking
patterns.

3.

Students will learn to communicate their thinking
process to others.

4.

Students will learn that peers can be
when solving a problem.

5.

Students will use these techniques as part of the
problem solving process.

6.

Student peer-dynamics will be
of these

7.

resources

improved through use

techniques.

Students will learn to ask themselves questions to
aid in gaining clarity and direction of thought.
This in turn will help with the planning,
implementing and reviewing stages of solving a
problem.

8.

Teachers will expose students to these techniques
throughout the year's curriculum, as an aid in
teaching specific problem solving skills and
heuristics.
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The Heuristic Bank

The Heuristic Bank consists of strategies that can
be used autonomously or with the help of a friend.
Flexible
use

in design,

these heuristics may be adapted for

in many subject areas.

They have been used in

classroom settings for solving problems,
programming in Logo,

when writing,

when

using social studies

and science simulations,

and in students'

daily lives

or when seeking to solve

(hypothetical) problems in

their community.
The following collaboration techniques encourage
students to be aware of their own thinking patterns and
foster a positive cooperative environment.

Introduce

any of these techniques when the time is ripe.

They

can be used throughout the curriculum and will help
students when doing projects.
proficient

As students become more

in using these techniques,

the technique of the day.

have them choose

Discuss the benefits of

monitoring one's thoughts and actions and the
possibility of incorporating these approaches into
other subject areas.
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Collaboration HeuristicB/"HeiPing Hanriq"

1.

IN-PROCESS THINKING
Encourage students to share interesting discoveries
as they work.
During the class period ask students
to periodically pause and discuss the following
questions:

a.
b.
c.
d.

What's my
What have
What do I
What bugs

plan?
I done so far?
want to do next?
am I having problems with?

This will promote the habit of being aware of one’s
thinking and seeing the effect of verbalizing one's
thinking.
It is one form of self-monitoring.
2.

END-OF-CLASS PROCESSING

(THE REVIEWER)

At the end of each class ask students to discuss
the following questions in pairs or with their
partner.
Provide time for recording bugs and
discoveries.
a.
b.
c.
d.
e.
f.

What
What
What
What
What
What

did I plan to do?
did I do?
bugs did I find?
did I discover?
would I do if I had more time?
will I do during the next class?

Gradually, convert this discussion into standard
journal entries that they can fill in as the period
progresses.
Example of journal questions:
a.
b.
c.
d.
e.
f.
g.

What do I plan to do?
What information do I need in order to carry out my
plan?
What did I do?
What did I discover?
What bugs were there?
What notes would be helpful for the finished
problem or project?
What do I plan to do next or need to know for next
time?
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Students should be required to fill in number 1 and
number 2 before going deeply into the problem.
Ask
them to finish number 3 and at least two of the
last questions before the end of class.
Some days
the teacher may wish for all questions to be
answered.
Peer discussion at the end of class will
produce more meaningful journal entries.
3. THE KNOWER
Being aware of one's knowledge base before delving
into a problem has proven to be effective in coming
to a solution.
In the "Knower'' technique, students
discuss what they know, need to know, and think
they know.
In this way, they can make the best
plan and proceed.
This same technique works well
when using simulations, or teaching research or
writing skills.
Have student work in pairs and ask
themselves the following questions.
They may wish
to make a chart and fill in appropriate details.
This technique should be modeled by the teacher and
practiced before implementation in the classroom.
What do I. know?. What do I think I know? What do I
need to know?
4.

TRIOS
Students rotate roles as they solve a problem:
debugger, main problem solver and advisor.
In
order to effectively serve in a particular role,
students learn to verbalize their thinking and
extend their concentration time.

5.

PAIRED-PROBLEM SOLVING
Ask one child to be the listener and one to be the
problem solver.
The problem solver verbalizes
his/her thinking as s/he solves the problems.
If
at any point the listener does not understand the
problem solver's thinking or has questions, s/he
can ask a question, but never correct a mistake
directly.
Asking a specific question may unlock
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metacogniton, focus, and concentration.
Teacher
and peer modeling of this process is important
before students independently use this technique.
For many non-verbally oriented children this may be
a difficult process, but with practice students
develop better communication and problem solving
This technique can be done in pairs or in
small groups with one problem solver and several
listeners.
6.

CLUE-GIVING
After students solve a particular problem, they
create one or two key clues that might help another
child approach or solve the problem.
When another
student requests help, the clue-giver offers her
clue when appropriate.
Students are not allowed to
give answers.
This technique is best modeled and
practiced as a group, before implemented
independently in the classroom.

7.

ASSISTANTS
Assistants assist, rather than provide answers or
solve other students' problems.
This should be a
clear understanding.
Teacher and peer modeling of
effective assistant behavoir is helpful.
To aid
this, prior to implementing this technique in the
classroom, train a handful of students at special
assistant meetings and ask these students to model
exemplary assistant behavior when they begin their
career in the classroom.
This helps others model
similar behavior and gives recognition for time,
effort, and positive attitudes.
Remind students
that explaining a newly learned concept aids in
better understanding for the student.

8.

SHOWCASE OF IDEAS:

COLLABORATION BULLETIN BOARDS

Students display various solutions to problems,
clues that might help with a specific problem, and
warnings of frequent bugs and pitfalls.
The
content of the bulletin board provides a reference
point during the school year for group or small
discussions.
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9.

STUDENT TEACHERS
Teach and provide practice with a different basic
concept in each of three classes.
Divide each
class in half and invite them to come and
individually teach a student in another class the
new concept that they have just learned.
Ask them
to prepare a practice problem that they and their
student can use after they have tried the problem
or exercise given by the teacher.
This exercise
strengthens self-esteem, metacognition, and
concretizes the newly learned concept.

Strategies to

be Used Alone

or with Others

NUTSHELLING
Ask students to define the assigned problem in
three different ways, using as few words as
possible.
WHOLE TO PARTS
Ask students to break the problem into parts,
then put the parts together again.

and

TALKING TO MY SHADOW
Encourage students to verbalize their thoughts to
themselves as they work.
This technique can be
used when reviewing a problem a plan and for
gathering new ideas.
Encourage note taking.
SO WHAT'S NEW?
Ask students to compare and contrast their current
problem to ones they have solved.
Explore what
clues this offers for this problem.
THE QUESTIONER
Have

a brainstorming session to

that will

generate

questions

clarify thinking.

CHECKLIST
Have students make a checklist of important points
or tricks that might help solve this problem and of
criteria for completion of the problem/project.
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BUG THE BUGS
Ask students to record a list of frequent "thinking
bugs
(mistakes) in their journal or reference
manual and encourage them to look for one bug at a
time.
JOURNAL NOTES
Provide journals for students to trace their
progress with a project, problem, etc.
Encourage
students to take notes that will provide ideas,
tricks and new information.
THE

SEQUENCER
Ask students to rethink the order of the steps they
intend to take or the way they've sequenced the
parts of the problem.

START AGAIN
Ask students to review the steps they have taken
and ask themselves if they took a wrong turn, what
they learned, and what they would do if they
started again.
SOURCES
Encourage use of reference material,
student-generated and published.
FRAME

-

IT

Discuss different ways to represent the problem.
Encourage students to draw pictures, diagrams,
charts,

or maps.

BRAINSTORMING
Encourage students to generate ideas in a nonjudgmental atmosphere, recording ideas on a chart.

Table
Included

in this table

12
are

these heuristics that can be
reference manuals

general descriptions of

included

for problem solving

240

in student
in different

subject

areas.

each new

subject

These heuristics should be modeled
area where

they are used.

in

Discuss

with students which heuristics might help them with a
particular problem or project and how they could be
used.

Critical Thinking
DEFINING

Skills and Heuristics

EVALUATING

Nutshelling

In-Process

ANALYZING

QUESTIONING

Whole to Parts
Sequencer
The Questioner
So What's New?

The Questioner
Checklist
Paired-Problem Solving
In-Process
End-of-Process

PLANNING

SYNTHESIZING

Whole to Parts
Checklist
Sequencer
Frame It
SELF-REFLECTION

Whole to Parts
In-Process
End-of-Process
Sequencer
(USING METACQGNITION)

The Knower
In-Process
End-of-Process
Paired Problem Solving
Trios
Clues
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STUDENT
REFERENCE
MANUAL
HEURISTIC
BANK
HELPFUL HEURISTICS
NUTSHELLING
Define the problem in three different ways,
as few words as possible.

using

WHOLE TO PARTS
Break the problem into parts,
parts together again.

and then put the

BRAINSTORMING
Generate a list of ideas without evaluating any of
them.
Use this list as a springboard to make a
plan.
TALKING TO MY SHADOW
Talk outloud to myself and listen to what I am
saying. Review the steps I took or the plan I just
made.
Gather new ideas and see mistakes by
listening to my bright ideas.
Take notes on my
ideas.
SO WHAT'S NEW?
Think about what is different about this problem.
What problems have I solved that are similar?
In
what way?
How can this help me solve my problem?
THE QUESTIONER
What questions can I ask myself that will help me
think better.
(See the list of questions in my
manual.)
CHECKLIST
Make a checklist of important points or tricks that
might help me solve this problem.
Include a list
of criteria that need to be completed to solve the
problem.
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BUG THE BUGS
Look in my reference manual at the list of huge.
Have I overlooked a common bug?
Look for one type
of bug at a time.
JOURNAL NOTES
Look in my journal for ideas,
information.
Take new notes.
THE

tricks and

SEQUENCER
Rethink the order of the steps I plan to take.
Think about putting parts in a different order.

START AGAIN
Look back at the steps I have taken?
Did I turn
down the wrong road?
What did I learn? Begin again
if I feel confused.
SOURCES
What sources can help me?
Have I
reference manual or a Logo book?
or an expert in the field?
FRAME

looked in my
Will a video help

IT

Make a picture, chart, or doodle that will help me
think more clearly about my problem.
USE ONE OF THE HELPING HANDS TECHNIQUES
Look in my reference manual
friends can help me.
OTHER HEURISTICS:
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for

ideas of ways my

HELPING HANDS TECHNIQUES
THE

KNOWER
Ask a friend to ask me

1.

2.
3.

What do
What do
What do

I
I
I

the

following questions:

know about this problem?
think I know about this problem?
need to know about this problem?

Then use whatever resources
missing links that will help me

I have to find out
solve the problem.

the

IN-PROCESS
While I work,
these questions:
1.
2.
3.
4.

occasionally ask a friend to ask me

What's my plan?
What have I done so far?
What do I want to do next?
What bugs am I having problems with?

END-OF-PROCESS
At the end of each class ask students to discuss
the following questions in paris or with their partner.
Provide time for recofrding bugs and discoveries.
TRIOS
Ask two friends to work with me.
turns being the programer, debugger,

We will take
and advisor.

PAIRED-PROBLEM SOLVING
Ask a friend to listen while I think out loud and
try to solve the problem.
Ask my friend to ask me
questions if I sound unclear or she ,/he doesn't
understand me.
I can request specific questions that
can help me think better as I say the answers aloud.
CLUE-GIVING
Ask one

of the

clue-givers

a clue.
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in the class to give me

FRIENDS

Have
want

Ask neighboring students if they have any ideas?
they solved a similar problem?
Remember, I don't
an solution to my problem, just help.

ASSISTANTS
Ask assistants
SHOWCASE OF

for help.

IDEAS

Look on the bulletin board.
ideas, clues, similar problems,
OTHER WAYS FRIENDS CAN HELP ME:
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Showcase of
etc.

Ideas,

for

LIST OF QUESTIONS

THE

KNOWER

A.
B.
C.
D.
2.

What do
What do
What do
How can

A.
B.
C.

What did I do?
Why?
Did it work?
Why?

D.

What did I mean to do?
plan?
What did I discover?

Why?

What was my

BUGS
A.
B.
C.
D.

4.

know?
think I know?
need to know?
find this out?

REVIEWER

E.
3.

I
I
I
I

What bugs could there be?
Have I looked for the common bugs?
Have I looked for one bug at a time?
Have I looked on the list of bugs?

WHOLE-TO-PARTS
A.
B.

Did I overlook a part?
Can I put the parts together differently?
Better?
Did I make too many parts?
Am I missing a part?

C.
D.
5.

Am

I

confused?

6.

If I started again, what would
would I leave out?

7.

Did

I

Why?
I

do this time?

find any unexpected results?

What

What happened?

Why?
8.

How can I structure this procedure differently?
What could I change in this procedure to make it
work better?

9.
10.

What heuristics did 1
Is

there

use?

a better way

I

Did they help?

can organize

procedures.
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the

How?

Tool ThrppReference Mamin Is

The

right

reference manual

is often one's best

friend when solving a problem.
handbook are

middle

grades

Logo.

We

One

and the

also

is used for writing

second

include

for use with specific

in the

is for solving problems

student made
simulations.

reference
We

in

sheets

encourage making

reference manuals when a project extends over

several weeks of the

semester.

serves as a focal point

Creating a manual

for the

students,

towards the

recurring questions,

that

as they solve problems.

emerge

may be

as

relevant
list

simple

as a

information,

of questions

process the
problem,
the

in this

examples of two teacher/student-made

reference manuals.

mini

Included

and a

problem.

Students may choose

reference manual

Thus,

the

purpose

a helpful

structure

the

follow when solving the

list of cautions for

their

a compilation of

planners to

intends to

answers,

A reference manual

list of commmon bugs,

to probe,

student

and therefore

list of terms,
a

steering them

future

to

leave

solvers of
a copy of

for use by future classes.

formulation of the manual has a greater

and

leaves

contributing to

the

students with a sense of
learning of other students.

writing has empowered other

students.
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Their

Tool

Student

Student
manuals.

to

at

peer

a

in the

in hand with reference

a means for students to

information on the
later date.

spot

solver.

Journals

journals work hand

They are

relevant

Four;

record

spot that can be

referred

They also can help a teacher or

a problem

in the

thinking of the problem

Suggestions for student journals can be
Logo,

Writing,

found

and Simulation curriculum units

in this handbook.

Implementation;_Introducing, and Using the Framework
The

Plan to

Planning Process

spend some

time

thinking about your goals

regarding teaching problem solving.

Ask yourself the

following questions:
What's

important to me

critical

to teach about

thinking and problem solving?

What critical
skills do

thinking and problem solving

I want my

students to have

at the

end of the year?
Will
Do

these be helpful

I wish to teach

in other settings?

in a manner that promotes

generalization of skills?
What

do

I

wish to

focus on?
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What

s easy for me

to teach - what's hard?

Why?

Plan on beginning the year by asking
they know about problem solving,

what makes a good

problem solver,

etc.

offers

approach these questions.

a way to

effective

The unit.

and motivating way to

students what

Expert Problem Solvers,

introduce

It

the concept

of problem solving as a process and the use
TACTICS

framework.

environment
sparks

that

interest

Set the

of the

stage by creating an

rewards probing and questioning and
in problem solving.

Before beginning the year,

it

is

important

decide which strategies and skills you wish to
The Heuristic
a source

is an

Bank

included previously

to
stress.

in this unit,

is

of possible heuristics that you may wish to

emphasize.
different

The heuristics can all be easily used
subject

curriculum units

areas and with many age
for examples.

is particularly detailed
heuristic banks
provided

geared

in Units 4

groups.

in
(See

Use of the heuristics

in the Logo unit and sample

for Logo and writing and

and 5.)

Read through the Heuristic Bank and select
heuristics
units.

that

are

applicable

for this unit and future

You may wish to add or delete heuristics,

depending

on

your

students

needs.
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The

heuristics

chosen should be
contexts.

generalizable

in other

During this selection process,

heuristics,

play with the

making sure that they will work

five units during the
start

for use

school year.

in at

least

You may wish to

the year by using a core of strategies and slowly

expand.

The

following

lend themselves to

easy

assimilation by students:
1.

Nutshelling

2.

The

3.

The Questioner

4.

Whole

5.

Checklist

6.

Sequencer

7.

Paired Problem Solving

8.

Frame

9.

In-Process

10.

End-of-Process

Knower

to Parts

It

Remember that
the

they can used

problem solving process.

The
1.

Polya Model

Define

the problem

Nutshelling
The Knower
The Questioner
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in specific

For example:

stages of

2.

Make a Plan
The Bottomless Question
Whole to Parts
Frame It
Checklist
Sequencer

3.

Try the Plan and Review
Frame It
Paired Problem Solving
In-Process

4.

Solve and Review
Checklist
End-of-Class Processing

If you add heuristics to the reference manual,
yourself the following questions:
1.

Can the heuristic be defined clearly?

2.

Is it a strategy that can be used in different
contexts?

3.

Can it be taught easily?

4.

Does it

ask

lend itself to having a name?

Decide on a general problem solving unit to
initiate the use of the Polya Model and your chosen
heuristics.

Make a list of other possible units where

you can emphasize this model and your chosen
heuristics.

See where there

is a cross-over of use of

the same skills and strategies and focus here when
teaching the critical thinking and problem solving
component.
Select students who will serve as specialists in
the use of specific heuristics.
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Give these students

training

in applying their

different
others

contexts.

special heuristic

Discuss their role

to master the heuristic.

in

in helping

This process will

evolve over time.
As the

school year progresses,

emphasize use

of the Polya Model,

constantly

specific heuristics,

and development of metacognitive habits.
steps of the Polya Model

and the names of the

heuristics that have been covered.
critical

thinking/problem solving

questioning,
Help

analyzing,

students

see

solving tools

dynamic

students,
define,

stage

for

five

skills of defining,

synthesizing and planning.

the power of using the

same problem

the

of

interaction between peers and

student

implementation of this approach

assistants and peers.
plan,

An alive,

and revise

Students

as they work through

probing environment

should set the

their work.

When teaching a new concept
model use

the

to

question,

problems.

Emphasize

in different contexts.

Important
is the

Display the

of the

application,
incorporate

concept,

provide
review,

guide

independent

As a new concept

strategy)

is

introduced,
name

should first

students through an
and group practice

discussion and evaluation

process.

by posting the

teachers

(critical

highlight

the

thinking skill

or

the concept visually

or asking a student
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into

and

to create

a

symbol

or picture

following page

to represent

the

skill.

The

reflects examples of symbols or

pictures.
An emphasis on metacognition should always be part
°f daily work

in the classroom.

The next

subsection

discusses how this might be done.

Teachers and

students

in how this evolves

in the

should be co-participants

classroom.

Developing Metacognition

Thinking
categories,
skills.

skills are often divided

cognitive

Cognitive

and metacognitive

skills are used

learning subject matter,
Metacognitive

(executive)

information processing,

skills are used

in planning,

etc.

reevaluating

tasks.

It

is

process of directing one's attention to the

processes and products of one's thoughts.
mindful
skills.

of how one
There

thinks helps one

possibilities

Being

learn cognitive

are many ways we can help students

develop their executive

1.

two

in daily tasks,

one's thinking and executing cognitive
the

into

for

skills.

Below are

teaching metacognitive

listed some

thinking.

Ask students to define self-ref lection anc* discuss
ways they use this skill in their daily lives or in
their
a.

studies.
Pircurr

the

effect

of_rsf ls.cting—QU——S

thinking.
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b.

Ask students to review two incidents in
their lives:
one when they acted on impulse
and one when they thought out how they might
best respond. Ask about the premises that they
based their decisions on.
Ask what the
outcomes of both incidents were.

2.

Define and discuss metacognition/executive
abilities.

3.

Ask students to think about when their executive
abilities got them out of a jam.

4.

Ask students how metacognition can help during the
process of making a plan.

5.

Ask students what some heuristics are that might
help them develop metacognition.
The following
heuristics from the Heuristic Bank can help
students develop their executive powers.
a.
b.
c.
d.
e.
f.
g.

In-process Thinking
Trios
Paired-problem Solving
The Knower
Talking to My Shadow
The Questioner
End-of-Process

Collaboration Between Computer Teachers
and Subject Teachers

When designing curriculum,

computer teachers can

help classroom teachers by offering their
Presenting the
establish a
computer.
build

computer as a

services.

"thinking tool"

will help

link between classroom work and use of the
The

examples

in this handbook detail ways to

such bridges between work done with computers and

work done

in other

subject

areas.
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The Polya Model

and Heuristic

Bank can be used

when working with or without a computer.

Classroom

teachers comfortable with the computer can easily train
students to
and

free

run simulation and word processing programs

themselves to help with cognitive

Computer classes are
classroom studies.
can supplement

Computer software

tool.

receive

regarding use

Examples of ways

suggested here
Even Logo can be

As teachers network and

students will

reinforcement

incorporating regular

classroom curriculum.

used as a graphic
communicate,

enriched by

tasks.

further

of the TACTICS approach.

to embed computer usage

area work using the TACTICS approach are

in subject
given

in this

resource book.

Teaching

We

for Generalization of Problem Solving Skills

can help students

to generalize problem solving

skills through conscious recognition of similarities
the

problem solving process

When

students want

subject,
help,

inquire

which

listening

to

their

Pnlva

Model

solve

a problem

subject areas.

in a given

to whether a general plan might

strategies

them to define
the

as

to

in different

in

from the Bank would help,

thinking processes might help.

the problem.

Introduce

and The Heuristic
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Bank.

or

and

Ask

reintroduce
Suggest

if

creating a mini-reference manual

and keeping journal

records of discoveries as they proceed.
should record a plan of action.
develop metacognition.
grow,

As students'

learn.

metacognition given earlier

presence

metacognitive

subjects are

(See

studied,

call

of problems and discuss the

in mind the

the

those

section on

in this unit.)

characteristics of problems
Keep

activities which

they will usually remember to use

techniques that help them

c^ffer'ent

Use

Each etudent

As

attention to the
similar

in different disciplines.

following points when emphasizing

the

generalization of problem solving skills.

1.

Students should be aware that many different types
of problems in different domains share common
characteristics.

2.

Lead students to discover common denominators in
solving problems in different domains.
Examples:
a.

Making plans helps.

b.

Defining the problem helps.

c.

Solving a problem requires
hence a process.

d.

Asking oneself questions helps.

e.

Using a strategy or thinking tricks helps many are listed in the Heuristic Bank.

f.

Using metacognitive
is

g.

a valuable

several

steps -

skills as self-reflection

aid.

Being active in problem solving helps ensure
success or making headway.
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h.

Utilizing appropriate
process easier.

resources makes the

3.

Consistent use of terms helps students identify the
similarities between processes in different
domains.

4.

Help students consistently use the Polya Model and
the Heuristic Bank in new contexts.
For example,
at the beginning of each problem solving session,
ask what heuristics might be helpful and later ask
which ones students used and why.

Apply ins Problem
By

Solving Skills

introducing problem solving as a process common

to many experiences

in

life,

the

teaching generalization of these
of

r.if*

in

groundwork

solving.

expand the

In these,

the

students'

laid for

skills and the value

learning problem solving skills.

exercises to

is

Here

are

some

definition of problem

following concepts are

introduced:

-Defining the problem
-Gathering information
-Making a plan
-Reviewing one's process of solving the problem and
one's thoughts
-Metacognitive skills
Problem Solving Techniques
1.

Name a problem that may occur in one's daily life
and come to a solution together.
Discuss how
students approached the problem and ask them to
name the steps they took when trying to solve it.

2.

Give

a math word problem and solve

then discuss that process.
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it together,

Give a problem in the realm of writing and talk
about ways to solve it and accomplish the writing task,
lhen talk about steps that were taken in trying to
solve the problem.
Before each Logo class, show a picture with several
geometric shapes and ask students to identify and label
the shapes they see.
Ask students to copy a picture
that has many geometric shapes.
Ask them how they went
about the task.
5.
Do the unit titled Expert Problem Solvers:
Discuss
famous problem solvers and why they have earned that
name.
Ask students to name some expert problem
solvers they know in their daily lives.
Discuss
characteristics of these people.
Ask students what
areas they are "expert problem solvers" in, i.e.
sports, babysitting, playing marbles, etc.
Derive a
list of qualities or techniques that problem solvers
use.
Discuss and describe the Polya Model and
heuristics in relationship to problem solving in life.
In the

following curriculum units,

we will

demonstrate how the Polya Model and suggested
heuristics

are used when students are designing and

completing Logo projects.
the

Polya Model

simulations
studies,
unit
all

and

Then we will demonstrate how

and similar heuristics can be used with
in

interdisciplinary and social

and especially with writing activities.

on Expert Problem Solvers
curriculum areas together.
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The

is a thread that draws

Cases

Logo

in Point

and Writing and Their Relationship to Problem

Solving

We

can help students generalize the problem

solving principles outlined

in the TACTICS Approach by

drawing attention to their use
studied.

in the

subject being

This generalization process will

facilitate

students using this approach when facing a problem in a
new context.

We can help students see

their problem solving experiences
Let us

look at

What
solving

Logo

do we hope

session?

to

give

tools,

children are

"focalizer"

programming

to

facilitate her or his

swept

not

expecting recovery,

inquiry,
to use,

into the

and problem solving.

taught

Logo

in all domains.

for any child.

are

good

in many subjects.

a child during a problem

fascination with problem solving
a

specific

link between

and writing for an example.

We hope

can be

the

strategies,

environment

excitement of

many will

unless they
flounder and,

in their progress.

is constructed of methods of

permission to explore,
and an active

Given the proper

However,

will halt

Logo

question,

learner.
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tools

(Logo commands)

immediate

to the

A

When a child writes, we want to encourage a
similar fascination with the subject;

yet without tools

and a supportive atmosphere students often flounder in
their writing.

Unfortunately,

many children feel

intimidated by writing assignments and subsequently may
close their eyes when teachers try to give them writing
tools or problem solving tools for writing.

Students

do not usually consider writing a problem solving
process.

Because many schools do not stress the

process of writing or problem solving in writing,
students may not see writing as a problem solving task.
If we can make a connection in the children's mind
between writing and their love of problem solving in
Logo and respect for the strategies that have worked
for them there,

then we believe they will be open to

using these tools in writing.

Through careful

instruction and guided practice,
confident

students will become

in their use of writing strategies.

though their

initial

been thwarted,

Thus,

interest in writing may once have

it may be refueled.
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Problem Solving in Social Studies and Science

The keys to learning subject matter in social
sciences and science are methods of inquiry.
Information is desired.
this information.

The question is how to attain

Students often become frustrated

when facing a task without direction,
this information.

Students often become frustrated

when facing a task without direction,
resources,

unsure of what

inner and outer,

to use.

unsure of what
Whether using a

simulation,

creating a report,

designing a laboratory

experiment,

studying a culture or a government,

students need to organize their thinking and make
plans.

The Polya Model mandates the following specific

steps which act as organizing tools.
1.

Define the problem.

2.

Design a plan.

3.

Try the plan and revise it

4.

Solve the problem and review.

Whether

in social studies or science,

need to define the problem,
needed information,
"bugs."

if necessary.

students

decide how to get the

and work out the

inconsistencies or

Using the Polya Model and strategies given in

The Heuristic Bank will help students accomplish this
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Problem Solving in Social Studiee and Science

The keys to learning subject matter in social
sciences and science are methods of inquiry.
Information is desired.
this information.

The question is how to attain

Students often become frustrated

when facing a task without direction,
this

information.

unsure of what

Students often become frustrated

when facing a task without direction,
resources,

inner and outer,

to use.

unsure of what
Whether using a

simulation,

creating a report,

designing a laboratory

experiment,

studying a culture or a government,

students need to organize their thinking and make
plans.

The Polya Model mandates the following specific

steps which act as organizing tools.
1.

Define the problem.

2.

Design a plan.

3.

Try the plan and revise

4.

Solve the problem and review.

Whether

if necessary.

in social studies or science,

need to define the problem,
needed information,
"bugs."

it

students

decide how to get the

and work out the

inconsistencies or

Using the Polya Model and strategies given in

The Heuristic Bank will help students accomplish this
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task.

Books and reference manuals,

planners,

and journal notes act as further resources.

peers,
The

techniques that involve metacognition will help
students keep on track and build on their current
knowledge.

Examples are given in this manual that

demonstrate the

implementation of this approach when

using social studies or science simulations or when
writing a report.
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unit IV

EXPERT PROBLEM SOT.VKf?r

DESCRIPTION:
Expert Problem Solvers Students explore the
qualities of expert problem solvers.
Famous
people and people they have encountered in their
daily lives are discussed.
A list of strategies
that are commonly used is generated.
SUBJECTS:
Interdisciplinary
ACADEMIC SKILLS:
Oral language, writing,
interviewing

historical research,

and

CRITICAL THINKING SKILLS:
Defining, Analyzing, Planning,
Metacognitive Skills

Questioning,

HEURISTICS EMPHASIZED:
Nutshelling. Sources, The Questioner,
Brainstorming, Frame-it.
Discussion and
introduction of Heuristic Bank and Polya Model
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EXPERT

PROBLEM snr.vfiftfi

The purpose of this unit is to make students aware
of the problem solving process present in all aspects
of life and that specific strategies can be helpful.
By discussing characteristics of problem solvers and of
their

tricks of the trade,”

students will discover the

validity of having strategies that work for them.
Students will also share what strategies they've
already used.

The following instructional sequence is

one way of approaching this theme.

This could be

worked into a social studies lesson on,
people in local government,

for example,

or about national or

international figures.

Definition of Problem Solving
1.

Ask students to define problem solving.

2.

Ask students to give examples of problems they
solve in their own life.

3.

Ask what problems teachers or presidents,

astronauts, plumbers.^—senators, store clerks,
principals, etc, solve._(The Questioner)
4.

Ask students to name other professions and make a
chart of the types of problems they solve.
(Frame-It)
profession
(blank)

5.

Ask

problem
(blank)

students to discuss the following

questions

pairs:
a.
b.

What is easy about solving problems?
What is hard about solving problems?
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in

c.
d.

What makes it easier for you?
What makes it harder for you?

definition of Strategies
6.

Ask students to define strategies.

7.

Pick a profession and ask what strategies they
might use.
Ask why.
Add the category "strategies''
to your chart and fill it in for a few profess
ions. (Frame-It)

profession
(blank)
8.

problem
(blank)

strategies
(blank)

A discussion revolving around classification of
types of problems and strategies might be pertinent
here.
Say this to your student:
"Think of a
strategy or technique that you consciously or
unconsciously use when solving a problem.
Tell
your partner about it
and
answer the following
questions:
Why do you use it?
Why does it work
for you?
What doesn't work about it?
How could
you make it work better?"
Think of other
strategies and discuss them."

Becoming Better Problem Solvers
9. Ask if students would like to become better problem
solvers.
Ask in what wav it could help their
lives.

All Problems Do Not Have Answers
Famous People Encounter Problems.
10. Name several famous people and ask what they have
in common.
Lead students in a discussion about the
problems these people faced.
Discuss whether all
problems have answers.
A good example of an interesting problem
without set answers is the movie

Flight of the

Gossamer Condor, which addresses the problem of
creating a one-man flying system.
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Expert Problem SolverR
11' T&lk about people students consider to be good
problem solvers.
They can be famous people or people
they
personally know.
Brainstorm common qualities
they have
or techniques students think they use.
Use
the following chart:

Efi.rson

Quality

Technique

(Strategy)

Methods Problem Solvers Hr*
12. Suggest finding out more about the methods good
problem solvers use.
a.
b.
c.

Ask students how they can find out these
"secrets."
Brainstorm methods.
Develop a plan.

Interviewing Problem Solvere
13.

Encourage students to interview some of these
people.

14.

Decide which people to interview.

15.

As the teacher you are leading the students to
discover that:
a.
b.
c.
d.
e.
f.
g.
h.
i.

16.

Strategies help.
Some strategies are the same as those in the
heuristic bank.
General approaches are sometimes useful.
Frustration is common.
Actively pursuing a solution is possible.
All problems do not have right answers.
Reviewing and revising are important parts of
solving a problem.
Insight or intuition is part of the process.
It is helpful to practice with different
problems of the same genre.

Brainstorm questions to ask.
Knower)
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(Brainstorming,

The

17.

Lead students in a discussion about insight, the
internalizing of using techniques, and about how
people sometimes can't verbalize how they do
things.
Say that our job is to help students put
their actions into words.

18.

Have three groups of students develop sample
questionnaires.

19.

Critique and revise the questionnaires as a group.

20.

Students choose who they will interview, do the
interviews, and report back. (Note that some people
will not be able to verbalize their own problem
solving process.
In this case, ask students to ask
them exactly what steps they took in solving a
specific problem.
Discuss the fact that much of
problem solving seems intuitive, but when first
confronted with a new type of problem, thinking is
more conscious.

Common Characteristics and Techniques
21. Create a chart with students to record their
findings.
Before creating the chart ask students
what they want to record on their chart.
Sample:
(Frame-It)

Iype...Q.f Problem
(blank)

Personal Quality
(blank)

Technique
(blank)

General Thoughts on Problem Solving
22. Ask students to add their own techniques to the
chart. Ask them to keep a personal list of
strategies they tend to use.
By the end of this unit students should have
discussed the following ideas:
not rely on luck.
own style help.

Good problem solvers do

Specific strategies geared to one's
Oftentimes a general approach is key.

Actively working at a problem is essential.
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Insight

and intuition is part of the process.

Being aware of

one s own thinking patterns aids in having success.
Think of media that carry the theme of problem
solving in life.

The Western Massachusetts Department

of Education has produced a fine video tape on problem
solving,

named

the same

Solutions

Unlimitpd

Students follow

general approach as they meet different

dilemmas.

Teachers may want to borrow this video from

the Department of Education and show it at this time.
Relate to students that research literature gives
us clues to follow.

At this point,

introduce the Polya

Model and the Heuristic Bank (see Getting Started
unit).

Choose two

immediate problems to solve that

students are facing.
or social problem,

These could revolve around a home

classroom organization,

they'd like to change

in the school,

something

etc.

Model the Polya Model and some of the strategies
from the Heuristic Bank as you work with the problems.
Have students create charts to remind them of the four
steps and frequently used strategies
49

for examples).

(see pages 48 and

It might be useful for students to

keep journals on problem solving.

At the end of the

year they can chart their progress by referring to
their journals.
Emphasize that

in school they are expected to

consciouly plan their approach to a problem,
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as a means

of developing solid habits and metacognition.
way,

In this

use of strategies will become second nature.

It

is true that some solutions are found intuitively but a
planned approach should be the norm when in school.
Students should feel free to select heuristics that
most fit their needs.
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Unit V

I&aghinff Problem Solving with r.nan
DESCRIPTION:
Teaching Problem Solving with Logo A Logo
environment that promotes problem solving is
described.
Five curriculum units are included:
an exercise for the beginning Logo student, and
projects for the advanced.
A Logo reference
manual is provided for student use.
SUBJECTS:
Logo,

math, writing,

computers

ACADEMIC SKILLS:
Math, geometry,
writing

map skills,

oral language,

and

CRITICAL THINKING SKILLS:
Defining, analysing, planning, questioning,
synthesizing, self-monitoring (reviewing)
HEURISTICS EMPHASIZED:
Nutshelling, Paired Problem Solving, Frame It,
In-Process Thinking, End-of-the-Process, The
Sequencer, The Questioner, Sources, The Knower,
and Whole to Parts are particularly emphasized.
Other heuristics in the Heuristic Bank are also
used.
COMPUTER SKILLS:
Programming abilities in Logo
MATERIALS:
Logo program, computer, Logo Reference Manual
included in this handbook.
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leaching Problem

Solving

with

Loco

Overview of Unit

In this unit,

the Polya Model and heuristics are

introduced through a series of mini-units.
unit we will first
skills are

In this

look at what critical thinking

involved when problem solving in Logo and

explore how critical thinking and heuristics
instruction can be embedded when teaching Logo
concepts.

Goals are then set for teaching critical

thinking and problem solving when learning Logo.
suggestion for sequence of skills is given.
this,

A

Following

important elements to consider when designing a

Logo environment are discussed and examples are given.
Attention is also given to developing metacognition.
Five mini-units are then given as examples of ways to
incorporate TACTICS into Logo instruction.
mini-units are as follows:

The five

using a networker to

reinforce Logo concepts and teach problem solving,
Project Planners,
solving tool,

Logo

using a reference manual as a problem

teaching problem solving with student
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initiated projects in Logo and combining Logo Graphics
with text.
The Logo classroom provides students with an
active forum to develop problem solving skills while
learning basic programming concepts and computer
literacy skills.

Students can be taught that these

problem solving/critical thinking skills can be applied
to different contexts within the Logo classroom and to
their work in other subjects.

The Logo units included

in this handbook provide examples of this instructional
approach.
When teaching Logo, we believe a collaborative
environment which emphasizes exploration,

student

generated questions and skill development

is imperative

to maximizing the

impact of learning Logo.

Logo is a

wonderful medium for teaching critical thinking and
problem solving skills.

The following critical

thinking skills parallel Molly Watt's listing of Logo's
ten most powerful

ideas.

Powerful Ideas in Loro

1.
2.
3.
4.
5.
6.

Critical Thinking
Skills

Exploration and Discovery
Theory Building and Problem
Solving
Describing and Defining
Naming
Debugging
Procedures (Sequencing)
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Questioning
Synthesizing/Planning
Defining
Defining
Defining
Revising
Analyzing,
Synthesizing,
Planning

7.
8.

Variables
Repeating Patterns

9.

Conditionals

10.

Thinking about Learning and
Learning about Thinking

In our

instruction,

questioning,
revising.

Analyzing
Analyzing,
Questioning
Analyzing

planning,

Revising

metacognitive

we

analyzing,

synthesizing,

and

is considered one of the

skills which are used in the

reviewing

Instead of always using

analyzing and synthesizing,

to break the whole
parts

6 categories

focus on defining,

and self-monitoring process.
the words

All

into parts and

we ask students

later relate

the

to each other.

Overview of Teaching Critical Thinking with Logo

The

following

instruction

1.

in critical

Introduce
a.
b.
c.
d.

e.

Logo

is one method of coupling

thinking with Logo.

skills:

Introduce a concent in logo.
Ask student to solve a problem with the Logo
concept.
Review the solution together and ask students
how they solved the problem.
Give several problems that use the Logo
concept and build on previously learned
concepts.
Stretch the understanding of the
its

2.

format

concept

to

limit.

When solid, introduce and model a specific.
critical thinking skill or heuristic.
Note that
many times it is more effective for the student to
first use

the heuristic unnamed and then focus
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attention on it by giving
provide more practice.

it a name

and then

rovide practice with the new skill (or heuristic)
when working with problems in Logo.
Encourage
flexibility through encouraging verbalization of
thinking processes, thus promoting metacognition.
4.

After

student

demonstrates ability to use skills
independently in new contexts, introduce another
*—keep terminology consistent between
classes.

Repeat process.—Ke

emphasize questioning as part
of each step.
Defining and planning are
introduced in the first weeks of classes with an
emphasis on breaking the "whole into part"
(analyzing and then synthesizing) - The
following goals present a picture of the
priorities of the curriculum.
A description of a
Logo classroom environment that incorporates
problem solving skills with use of planners and a
reference manual follows.
When teaching Logo,

the

importance

research has clearly

of setting clear goals.

helps both teachers and students to
from Logo.
critical

The

This

indicated
in turn,

get maximum benefit

following goals reflect an emphasis on

thinking and problem solving.

Goals

Goal

one

Students will develop problem solving and critical
thinking
described

skills as outlined
in the

in Goals One

Introduction.
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through oix

Goal

two

Students will
solve

Goal

As

learn the Logo programming

language and

programming problems with Logo.

three

students

learn Logo,

they will

also develop critical

thinking and problem solving skills as they

Goal

learn Logo.

four

Students will

learn basic computer

Objectives of Goals Two.

Three and

literacy

skills.

Four-

1-

Students will learn the basic
of a computer.

2.

According to their ability, students will learn the
Logo skills listed in the Logo Sequence of Skills.
The

basic

content of a Logo curriculum should

computer

Language,
critical

thinking,

following a

solving

literacy terms,

include

elements of the Logo

information on problem solving techniques,

metacognition.

specific

functions and parts

and

The

sequence

instruction
skills that

information on developing

content

should be organised by

of Logo

skills while embedding

in critical
fit

the

thinking and problem

former objectives.
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Having
as a

focus

in mind a clear sequence of skills will
in terms of teaching Logo,

and problem solving skills.
skills emphasizes Logo
of when to

The

language

introduce critical

critical

thinking

following sequence of
skills with suggestions

thinking skills.

(Specific heuristics are noted

in boldface

parenthesis).

introducing critical

More

details on

act

and/or

in

thinking skills and problem solving strategies will be
given

Logo

later

in this unit.

Sequence

of Skills

1.

Orient

2.

Explain that Logo is a COMPUTER LANGUAGE—a way to
communicate with the computer.

3.

Introduce the concept of PROBLEM SOLVING. (Through
Logo, other subjects, or areas such as Robotics.)

4.

Explain the

5.

Introduce

6.

Teach TURTLE COMMANDS of Forward, Back,
Left, etc. (See Reference sheets).

7.

Demonstrate the concept of WRAP AND NOWRAP.
SHOW TURTLE AND HIDE TURTLE.

8.

Teach the

concept of DIRECTIONALITY.

9.

Teach the

concept of TURTLE TURNS—initially stick

to

45

children to COMPUTER COMPONENTS.

concept of the TURTLE'S WORLD.

DRAW MODE,

and how to clear the

and 90 degrees.
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screen.

Right,

Teach

10.

Teach the

importance of SEQUENCING the COMMANDS

90CRTdqn8En°on
{FD 20 FD 20 RT 90 RT 99 RT
yu Kr 90 FD 20 will not make a square.)

11'

12’

f^h4-^hepW$rd H°ME(It's an°ther WALKER command
(see the Reference Manual unit)...but does not
draw.)

ERASE.

PENUP and PENDOWN

(PU and PD),

COLOR and

13.

Introduce and develop PROBLEM SOLVING SKILLS
FOR
E^PEE: PE™E, QUESTION, PLAN, DISCUSS, SEQUENCE,
REVISE, MONITOR.
Emphasize paired-problem solving
techniques and collaboration. Begin teaching
specific heuristics in the context of programming.
(In-pr°ce68, The Knower, The Questioner, Frame It)
Encourage conscious selection of heuristics and
journal keeping.

14.

Reinforce

15.

Introduce the concept of ADDING DEGREES
CUMULATIVELY (FD 30 RT 45...now what do you need to
make a corner?) (Teach
135 DEGREES and 180
DEGREES.)

16.

Work with the concept of REVERSIBILITY (RT 45—LT
45) (Teach the children how to use a TURTLE
COMPASS.)

17.

Teach children the

18.

Introduce the concept of TURTLE VOCABULARY and a
growing TURTLE DICTIONARY

19.

Introduce the concept of teaching the TURTLE NEW
WORDS, AND TEMPORARY MEMORY

20.

Introduce the concept of pre-made procedures (NEW
WORDS), by doing a PROBLEM SOLVING activity with
one from the central computer (See LL exercise in
mini-unit 1).
Introduce the concept of using all
the TURTLE TOOLS, ie: Home, Nowrap, summation of
angles,

21.

the

concept of DIRECTIONALITY

steps

in ERASING A LINE.

etc.

Introduce the idea of WRITING a PROCEDURE and
DEBUGGING.
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22.

Introduce

the PARTS OF A PROCEDURE.

23.

Introduce

the EDIT Mode.

24.

Lead the children

into WRITING a BOX PROCEDURE.

25.

Practice

26.

Teach children how to EDIT TEXT

27.

SHIFTING between MODES.
in the EDITOR.

Teach the children the command REPEAT,
use it.

and how to

28.

Work with the concept of TURTLE VOCABULARY and that
which is TEMPORARY or PERMANENT.

29.

Lead the children into CREATING NEW SHAPES in the
editor by USING
BOTH MODES to solve the problem.
Introduce the concept of defining a problem and the
critical thinking skills of defining and
questioning.

30.

Teach the children the concept of SUB-PROCEDURES.
(For example, how to spin a box. )
Introduce the
concept of breaking a problem into parts (Whole to
Parts) and the critical thinking skills of
analyzing and synthesizing.

31.

Teach the children the rules of using
SUB-PROCEDURES and introduce the heuristic Bug the
Bugs or similar debugging techniques.

32.

DISCUSS the DANGER of "EMPTY RECURSION" (The title
of a procedure used in the second line.)

33.

Depending on the type of computer, notify the
children of the DANGER of pressing the equal sign,
or the reset button.

34.

Go deeper with problem solving techniques when
creating procedures.
Develop the concept of
REPEATING PATTERNS. When individual students are
ready, reinforce the strategy The Knower and So
What's New?
As problems grow more complex,
encourage use of Frame It, Check List, Sequencer,
The Questioner, In-Process, etc. Emphasize the
critical thinking skills of planning and reviewing.
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'

otb h

V^IABLES While continuing to teach
S^r?1t?Si6^ SUch as Paired-Problem Solving,
Trioe
Taiking To My Shadow, Assistants, Books,
f£c*
$6 s^u^e^ts take on projects, start to use
e
oya Model, the planner worksheets provided
later in this unit and the heuristics,
End-of-process and Journal Notes.
The Logo
Reference Manual should Btart to be employed as a
planning, monitoring and debugging device.

36. Teach CALCULATING AND PRINTING WITH LOGO.
37.

Introduce RECURSION.
Continue reinforcing use of
the Polya Model, Heuristic Bank, Planners, Journals
and a Logo Reference Manual as students progress.

38.

Introduce CONDITIONALS.

39. Introduce ALGORITHMS.
40.

Introduce

INCREMENTING FIGURES.

41.

Remember to embed math concepts and critical
thinking skills in all aspects of the curriculum.

42.

Teach computer literacy skills when teaching the
above skills.

Design of Learning Experiences in Logo

Research on Logo indicates that students do best
with guided instruction that includes exploration time
with clear goals set forth by the instructor.

Teachers

and students need a clear direction in order to
maximize students'

learning in Logo.

Research findings

indicate that a Logo environment that supports the
development of problem solving and critical thinking
skills should include the following elements:

1.

Solid instruction in operating a computer;
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.

2

in

^ogo Programming

modes,*lmput?'output^6 ”eaning °£ terme SU°h ae
3.

Clear Goals;

4.

Specific instruction in problem solving
strategies;
Teacher and peer modeling of problem solving
strategies;
Opportunities for peer interaction and
conferencing with teachers and peers;
An effective record keeping system for studente
and teachers;
Assignments of projects at students'

levels;

Instruction that promotes metacognition and
metamemory;

10.

Use of methods that promote the generalization of
problem solving skills learned in Logo, i.e.
conscious discussion and use of the Polya Model
and techniques to promote metacognition, and which
provide practice with specific critical thinking
skills as defining, questioning, planning,
sequencing and monitoring, and specific heuristics
in different contexts.

Example of a Logo Environment

The following is an example of a Logo learning
environment.

Heuristics that may be used at the

particular phase are noted in parentheses.

1.

Students are introduced to the Logo commands, basic
computer literacy and the foundation of problem
solving techniques.

2.

Students are also given real life Problems to solve
from "day one" that are unrelated to Logo.
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3.

Students are encouraged to verbalizR tho steps they
take when solving Logo and other problems , when
plciftftiug and when conferencing.
During a class period,

students are asked to
gsrbally outline the steps they have
iQllowefl, label the bugs, and discuss their
plans for the next step. (In-Process, Bug the
Bugs, The Questioner, The Sequencer, Talking
to my Shadow). This approach is based on the
paired problem solving techniques suggested
by Whimbey and Lochhead.
Teachers model these techniques and help
students identify and label the critical
thinking skills and heuristics used in this
process.
4. Students keep a .journal divided into three
sections: Daily plans. Notes and Discoveries,
Finished programs. (Journal Notes).

5.

Students use reference sheets (written in English
and, if necessary, the native language of the
student) and pro/iect planning sheets provided by
the teacher.
(See student Logo Reference Manuals
for examples of planners and Mini-Units 2 and 4).
Students may refer to other texts, notes and seek
consultants for help.

6.

Students work on assigned pro.iects and also propose
their own.
It is effective to link pro.iects to
specific math concepts or classroom units. Include
sufficient time for exploration, sharing, and using
exercises to build metacognition.
Allow time for
discussing the value of specific heuristics or
skill development.

7.

As students create
programs that utilize
super-procedures and sub-procedures, the class
diRcusses the difficulties involved in creating
multi-leveled procedures (programs). (So What's
New, The Questioner, Bug the Bugs).

8.

The class discusses whether an overall approach
might be helpful.
The Polva Model of Problem
Solving is then presented and students practice

281

uspd8ARhin ^et^QdEaer and teacher modeling iB
ueed as an instructional technique.
Later on,
specific heuristics are learned and practiced in
relationship to each step.(Nutsheller, The Knower,
The Sequencer, etc. see student Logo Reference
Manual for Polya Model and suggested heuristics.)
9.

Students are

encouraged to seek and

ohnnRP

appropriate resources—for

help- Students may refer
o a bulletin board
and reference sheets that
remind them of specific, heuristics, names of
assistants, and questions to ask themselves. Ask
students to keep a list of questions they
find
ussful- Ask them to choose which questions they
wish to use before they begin solving a problem.
Keeping a list of frequent bugs should be common
practice. (Sources, Assistants, Showcase of Ideas,
The Questioner, Bug the Bugs, Checklist, Friends)
10.

Exercises are given periodically that promote
self-reflection and build executive functions.
(In-Process, End-of-Process, Talking to My Shadow,
Start Again, etc.)

a.

Students are asked to demonstrate and share
projects and Procedures with the class.
The
teacher and students may ask the following

questions:
1. )

What did you discover when you were
creating this procedure?

2. )

Were

3. )

Do you have

4. )

What heuristics were most helpful to you
when creating this procedure?

there

any unexpected results?
a theory why this happened?

5. )

What heuristics did you use?

6. )

Is there anything that you are having
trouble with?

7. )

Does anyone have any questions about
this procedure?
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Why?

How could this procedure be
differently?
9.)

structured

How can we restructure this procedure to
make it clearer or more concise or more
organized?

10. )

What could we change in this procedure
to make it work better?

11. )

What

is your next

step?

11.

Students write procedures that create the same
picture and then compare methodf?
During the
programming process, students are periodically
asked to verbalize the steps they took and tell whv
they took certain steps or chose specific
heuristics.
Students are asked what other
heuristics may have worked better.
Students share
programs and make modifications.
Play is important
but students should be encouraged to finish
a
planned modification. (So What's New, In-Process,
Paired-problem solving, Checklist)

12.

Students are given hints and help when needed.
Some students may need the teacher or another
student to model an approach or demonstrate a
strategy.
This is done according to learning style
and level of competence. (Assistants)

13.

When a student has reached a high level of
competence in a skill they are made a "computer
assistant" in that skill and aid other students as
a kind of "midwife."
It is important to display a
list of the names of computer consultants.
If
possible when a new concept is introduced, have a
slightly more experienced group teach the concept
to the novice group.
This is best done when
showing a simple heuristic, or debugging technique,
etc.
Help students develop "clues" they can share
with each other. (Assistants)

14.

When a new concept is introduced have students test
their understanding through trying to solve several
problems of varying complexity.
The teacher
encourages verbalization of_steps and breaking the
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BTQblem into p^rtiR
(In- Process,
Talking to my
Shadow, Whole to Parts,
Frame It, So What's New)
15.

testClrSand%v?Sl2n^ that ^ess a naw
the onnopr^t
student's understand 1 ng of
nnnoSS?
the student has mastered a
Polva^ode^6 18 1^}troduced to a new concept.
The
a Wh!i! d J
used, and the heuristic of breaking
a whole into Parts and testing each part is
•

Droiectfn'
Thi"S °?n be d°ne through assignments,
projects or exploration time. (Nutshelling, The
Knower, Whole to Parts, The Sequencer, Frame It,
In-Process, etc.)
16.
R™ Hn,.Kh*rfe °f a
ShOWOflfif! Of Trt«aB
Bulletin Board that focuses on discoveries, common
bugs, and examples of a problem which has several
solutions.
Students display their work here and in
other places in the room. Students demonstrate and
©xplain their work to others. (Showcase of ideas,
Frame It, Bug the Bugs)
17.

Periodically, "exploration davs" are scheduled when
students explore without a preset plan and later
share their discoveries.
The questions listed
above are used during class or small group
discussions.(The Questioner, Talking to my Shadow)

18-

Group discussions,

alternating Logo partners.

opportunities

to work alone or with a partner, and
Playing musical chairs in order to play with each
others' programs are aspects that are interspersed
throughout the months of instruction.
(Paired-problem solving. Trios, In-process,
End-Of-Process)
19.

Periodically, lessons should focus on a specific
heuristic. better understanding of Polva's four
steps or specific critical thinking skills such as
defining, planning, sequencing, etc.
Occasionally,
at the end of a class ask which heuristics were
used and whv and what critical thinking skills were
employed.

Special

Considerations:

When beginning to teach Logo,
sequence:
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note

this possible

*

Introduce

*

Ask student to salve

*

a conospt.

gevieW the solution together and ask
naS2 they solved the problem.

*

students

SSyaral—problems
on previously

*

a problem with the concept.

that use the concept and build
learned concepts.

Sbretch—the—understanding

of the concept

to

its

limit.
*

As students progress, introduce the
problem solving tools;

following

Charts

to promote the question "What I know"
The Knower technique or using Frame It to
encourage drawing diagrams.
Turtle—compass.
Use

of a

protractor,

student

using

graph paper

reference manual

and student

.journal
Calling on a student expert
and asking for clues.

*

for a specific concept

Define the problem
define

with the students and ask them to
their problem of the day in their notebooks.

*

Help students to make

a plan.

*

Introduce the Polya Model when the problems have
more than one step.
Illustrate how different
strategies can aid them in the problem solving
process.
The Nutsheller, The Knower and
Whole-to-Parts are good strategies to begin with.
Introduce use of specific strategies for each
step-see Logo Reference Manual for the chart that
correlates strategies with steps.

*

Display names of Logo commands and strategies that
have been previously introduced and are being used.

*

Provide practice with the Logo concepts and
strategies in different contexts.
Use consistent
terminology.

:4c

Follow the
in

the

instructional

sequence previously given

description of a Logo environment.
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Developing Metacognition
Initiate

metacognition

the

activities or

skills.

The

lessons that develop

following are

Sequence may vary.
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some examples.

.

1

°n paper’

creating a plan and

of class
?NutRh^i?^iVen??B °f the Plan at
? p‘ (Nutahelling, The Sequencer,
End-of-Process)

2.
partner.
solving.

the

end

? thoughts out loud, to oneself or to a
(Talking to My Shadow, Paired-problem
Friends, Trios)

3.

Explaining

4.

Developing a

to a partner the steps one took when
solving a specific problem. (In-Process)
list of questions tn

?Plving a problemthe Bugs)

(Checklist,

ask oneself when

The Questioner,

Bug

Giving—clues——frlends

that will help them solve
specific problem.
(The teacher will initially
develop clues for each problem that the student
consultants can give to other students needing
help.) (Clue Giving)

6. Using the planning sections of their notebooks to
develop—a plan for each day and record disooveriftR
and results.
a.
b.
c.
d.
e.
f.

Example of a page:

Define your problem.
Describe your plan.
Record discoveries and bugs.
Describe what you did.
Record programs.
Describe what you plan to do next or do
differently next time (Journal Notes)

7. Sharing and explaining their work.
End-of-Process)

(In-Process,

8. Acting as a teacher or modeling an approach.
(Assistants)
Give
different
solid.
its use.

time

for practicing these

contexts

relying on Logo

Focus on one new skill
Refer

to

previously
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at

skills

in

skills that are
a time and discuss

learned skills.

a

Evaluation Tool

At

the

end of each

mini-unit

an evaluation tool

can be used to help student and teacher assess progress
regarding problem solving skills and Logo

skills.

The

following questions would provide pertinent
information.

1*

What heuristics did you use?
these?

2.

Were they helpful?
not?

3.

What would you do differently next time?

4.

What

5.

What new aspect did you

learn about

6.

What new aspect did you
solving?

learn about problem

7.

Is there information that is new to you that you
would like to share with a friend?
If so, what is
it?

did you

Why did you choose

Which ones?

Why?

If not,

why

learn?
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Logo?

Mini-unit,

UBln« thft N^t,worker

tn

1

RC<„^roe

Lnen

r.nn^r,^

and Tfifloh Problem Solving

Introduction

When teaching beginners Logo,

students'

poor typing

and syntax errors sometimes becomes a barrier
learning.

The networker

is a useful media for teaching

problem solving through Logo

for

of relying on slow typing skills.

it removes the burden
The

following

exercises offer examples of ways to use
as

an

instructional

unavailable,

super—procedures,
(using PU,

tool.

download

PD,

of procedures each time
student

Procedures,
screen

and screen editing can be
Downloading the

a new concept

is

same

set

introduced,

to work with familiar material while

exploring new territory.
periodically,

is

placement of figures on the

introduced via the networker.

allows the

the networker

(If a networker

files from disc.)

or SETXY)

for

perphaps

New procedures can be added

suggested by other students.

Goals
1.

Students will learn the use of the networker and
learn the concepts of downloading, saving
information and networking.

2.

Students will

learn Logo and problem solving skills

while using the networker.
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3.
Students will use collaboration techniuqes to
promote metacognition when using the networker.

Implementation

The

steps described on the next pages offer

examples of ways
instructional
facilitate

tool.

class

students who

The procedures are downloaded to

instruction and to ensure

the

able

to participate

one procedure

Begin the

one workspace

play with
the

and have

the

learned.

students use or combine

Encourage

the

students to

The Logo or problem solving

for each class period should be

outlined for

students with specifc tasks assigned to help them
the

day's goal.

and evaluation time

Include exploration,
as part of each class.

students work on each problem,
describe

to

that point.
what

load all procedures

several procedures as they gain mastery with

objectives

meet

After each procedure

individually,

in the workspace.

concept being

the

instruction

first class by downloading

into the workspace.

has been played with

procedures

in class

in the

freedom to explore without typing bugs

hampering them.

into

that

initially have difficulty writing

editor will be
and have

to use the networker as an

steps

a partner the
Each

student

should then tell
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As the

periodically ask them to

steps they have

they plan to take

discussion,

to

solve

the

taken up to
their partner

problem.(In-process)

These discussions might only

two minutes but they will

serve as an effective

promote metacognition and metamemory
one

s own thinking patterns and

students to

last

tool

to

(awareness of

its effect).

fill out a journal sheet at

Ask

the end of

class.

Sample Questions:
1.

What did you plan to do?

2.

What did you do?

3.

What bugs did you find?

4.

What did you discover?

5.

What would you do

if you had more

time?

(In-Process)

Sample Journal

Sheet:

1.

What

do

I

plan to do?

2.

What

do

I

need to

find out

to be

able

to carry out

this plan.
3.

What did

I

do?

4.

What

I

discover?

5.

Notes on bugs:

6.

What

7.

Finished programs:

did

do

I

plan to do during the next class?

(Journal Notes)

291

Use

any of the exercises or reference

in the mini-units.

Using a Reference Manna!

Problem Solving Tool
Heuristic Bank.

sheets described

or the

»» a

strategies given

At the end of each class,

in the

provide

time

to discuss or record bugs and discoveries.

Activities

that Use

the

Examples of Procedures That Can be

Loaded

into the

Workspace

and Designs that

Students May Use

Procedure

#1

Procedure

TO LL

TO FUZZ

FD 40

REPEAT 8

RT 90

END

for

Ideas:

#2

[FD 30 BK 30 RT 45]

FD 40
END

Procedure

Procedure

#3

TO CIRCLE

TO TRI
REPEAT 3
END

#4

[FD 50 RT

120]

REPEAT 36
END

292

[FD 5 RT

10]

Procedure

#5

TO REC
REPEAT 2

[FD 30 RT 90

FD 60 RT 90]

END

Examples of Network Activities

Concept.

Teaching the Turtle 'new words"
the concept of procedures.

or

introducing

1.

Download a procedure

2.

Write the name of the procedure on the board and
ask the student to type this name on their keyboard
and press ENTER.

3.

Ask them to play with this procedure (in Run Mode),
using PU and PD and Home and colors if they have
been introduced.

4.

Ask them to create specific designs using the
procedure and the basic Turtle Commands. Display
these designs as "CHALLENGES" on a bulletin board.
Include a section for "DISCOVERIES" on the board,
where students can write their discoveries.

5.

Using the procedure, ask them to create their own
designs spontaneously. Ask them to plan a design
and try to draw it on the screen.

6.

Provide time for them to share their work with each
other and talk about bugs. Some children will be
able to create all the suggested designs and more,
others will create only a few. Encourage all
students to record their discoveries. (Friends,
In-process, Bug the Bugs)

Repeat
above.
the

this process with each of the procedures
At

the

last

session

procedures and have

several

into each student's computer.

procedures or

in this unit,

listed

download all

the children explore using

"new Turtle words.1
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Concepts:

1.

2.

Writing in the Editor and making changes
in text in the Editor.
Temporary
Commands

Logo words versus Turtle

1.

Download procedure #1

2.

Using the reference sheets on editing, teach the
students how to use the editing keys in the editor.
Work with the concept of correcting typos and
predicting which command or number would cause a
specific change.

4. Ask students to draw a staircase using procedure
#1.
Ask them to change the LL procedure so a
staircase with
larger steps will be drawn using

5.

Have each child type in a square procedure, not
using REPEAT.
Encourage the children to help each
other debug each other's square programs.
Introduce the concept of REPEAT briefly.
Show
students how to use the word REPEAT with a SQUARE
procedure.
Have them type in a procedure titled
SQUARE2 into the EDITOR.

6.

Comment on the fact that now the turtle TEMPORARILY
understands two new words: LL and SQUARE as DEFINED
in the Editor.

7.

Have each student press the RESET button.
Ask them
to press Break R and later Break E and see if the
turtle ,,remembers” how to SQUARE or LL.
Remind
them that you can "teach the turtle new words" in
the Editor.

8.

Now download the FUZZ procedure that uses REPEAT.
Bring their attention to the word REPEAT. Have them
make the FUZZ ball bigger, (changing the FD number)
and then more dense, (changing the angle number).
If appropriate, introduce the steps in the Polya
Model, as an aid in solving this problem.
For example:
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Steps

in the Polva mm-1 •

1.

Define

the problem.

2.

Make

3.

Try

4.

Solve the problem and review.

a plan or decide on a strategy.
it

and debug.

Polya suggests

some heuristics that

also work well

when teaching Logo and can be built easily

into

activities used on the networker.

some

Here

are

examples:

a.

Break the whole into parts and solve each part.
(Whole to Parts)

b.

Play with each part separately,
understanding of each part.

c.

Use analogy and exploration and discovery to
increase one's understanding. (So What's New)

extending one's

9.

Ask the children to try and create designs on the
board that use variations of the procedure.
(In
order to create the design, the students must alter
the original procedure.
Encourage the students to
use each other to debug.
Periodically, ask the
students to pause and discuss their plans.

10.

Download another procedure and repeat the
process.

O, Of O. «L. a. sly sly sly \L> vb \Lr sly \b

Concept:

O, sLr vlf Of \Ls \L>

sLr \1« vlr ^ \Lr

Practice using PU,

vb vL> \L> \1> \L- O' \V vV \L'

above

\V vL/ vlf vX' vV sU sLr \Lr

PD and SETXY

1.

Download procedures and ask students to draw
specific designs using PU, PD, or SETXY.

2.

Encourage
and share
technique"

O' \Lr \Lf \L- \L-

the students to create their own designs
their ideas and at least
one favorite
with others.
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Concept:

Creating Super—procedures.

1*

After introducing the concept of super-proceduree
to students, download all procedures listed above
and have children create a picture by using
super-procedures.

2.

Encourage students to spontaneously create designs
and share them.
Ask students to draw a design on
paper and use the Polya Model to solve the problem.
Play "musical computers" at the end of class and
have children play with each other's designs.

3.

Use a planner worksheet and download specific
geometric shapes that can be used to create a face
or truck, etc. See section, Using a Reference
Manual as a Problem Solving Tool.) When introducing
a project planner worksheet, lead the students
through the steps through using procedures that you
download. Therefore,typing speed or accuracy or
procedures with bugs will not hinder understanding
of how to use the worksheet as a tool.

4.

Download a multi-level program with a number of
sub-procedures.
Include a few syntax bugs and omit
two key obvious sub-procedures that would complete
the program.
Activities 27 and
28 in Logo
Discoveries (see appendix for copy of these
activities) are good examples, if you incorportate
several syntax bugs.
Before beginning the problem,
review the Polya Model and ask students to fill in
the planner included in this unit.
In this way
they can practice the Whole-to-parts heuristic
(breaking a whole into parts and then synthesising
the parts again into a whole.)
Choose one of the
collaboration techniques given in the Heuristic
Bank. The techniques of Paired-problem solving or
Trios work well. Clue-givers can be used with the
slower students. (Nutsheller, Whole to Parts, The
Knower, In-process, End-of-Process)
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Example Qf
1*

a Planner*-

Define the problem
Describe the problem or draw
picture.
Name the hardest part of the problem.

As you work, ask yourself these questions and write
down your answers:

2.

What

is my plan?

Try your plan,

then review and ask yourself:

3.

try?

What did

I

4. What bugs did

5. What did

6. What will

I

I

find?

discover?

I

try next

time?

3

Mini-Unit.

UainR a.

Lorq

Reference

Manual

»r *

Problem Solving Tr,ni

Introduction
Students often stop at the
solving a problem.

first

frustration when

Inadequacies of short term and

long

term memory often contribute to this frustration.
Students often don t know where to
what

steps to

take

to clarity thinking.

activeness

in problem solving

factor

success,

for

look for help or
Since

is considered a key

tools to aid students

in continuing

to work with a problem when frustrated are
One

such tool

is a reference manual

suggestions of ways to confront
difficulties.
student

Logo

heuristics
solve

In the

that

includes

specific types of

following prototype version of a

reference manual,

we present a bank of

to use with the Polya Model to help students

problems,

provide

some planners and recommend

record keeping through use of a journal.
is

a reference
The

important.

Aleo

included

listing of Logo commands.

reference manual

that

accompanies this unit

is

designed to help students develop the habit of active
thinking and use
encourage

the use

of strategies.

Teachers should

of similar resources

areas.
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in other subject

Goals

1-

Students will familiarize themselves with the
contents of this reference manual.

2.

Students will use this reference manual when
an appropriate aid.

3.

Students will learn to use
problem solving tool.

4.

Students will familiarize themselves with a
simplified type of computer manual.

5.

Students will see that sections in the Logo
Reference Manual can be adapted for use in other
subjects.

it

a reference manual

is

as a

Implementation
Description of the
The manual
"References"
include

example

is divided

and

into two main sections:

"Planning Resources."

tools that

procedures

Logo Reference Manual

jog the memory,

and commands

the manual

(Note that

References

listing

facts,

for the

sake

the

first prototype of this

manual was designed and used by students).

Planning

includes Project Planners and reminders of

heuristics.

Content

of

of

is written for Logo on the Radio

Shack Color Computer where

Resources

basic

Logo Reference Manual

Logo Commands:
Definitions and uses of Logo commands and
procedures.

299

Turtle Compass:
Tool to determine direction and approximate
turning of the turtle.
Angle Wheel:
Tool to review turtle turns and estimate angles,
Angle Chart:
Tool to review most frequently used angles.
Geometric Shape Chart:
Reference chart of most frequently used geometric
shapes.
List of Common Bugs:
Teacher and student generated list of common bugs.
Planning Resources
Polya Model:
Outline of steps in the Polya Model of Problem
Solving.
Sample Journal Questions:
Questions students might answer when writing in
their Journal.
Summary of Planning a Project:
Reminder of general steps in planning a project.
Project Planners:
Examples of types of planners.
Strategies of Expert Problem Solvers:
Sample problem solving session following the Polya
Model.
Heuristics:
List of Problem Solving Strategies.
Questions:
List of questions to ask yourself.
Helping Hands:
List of collaboration techniques.
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Introducing and Using the Manual

Phase One:
Introduce the concept of a manual by displaying
and discussing different types of manuals:

car repair,

computer,

spelling,

grammar,
etc.

plumbing,

sewing,

erector sets.

general repair,

Scrabble,

Dungeons and Dragons,

Discuss common features and uses.

Ask what kind

of manual might be useful for Logo or problem solving.
Discuss what it should include.
phase:

(Prerequisite to this

introduction to Logo and the concept of problem

solving:

see Expert Problem Solving Unit for more

details on introducing problem solving.)

Phase Two:
Pass out the shell of the manual—looseleaf
notebooks or rings are best;

colored paper folders with

stapled pages will also work.
Sheets.

Pass out Logo Reference

Ask students to put them in their new

reference manual and decorate the cover.

Introduce the

concept of a Reference Manual.

Phase Three:
After teaching basic Logo commands,
problems to solve.

Ask them to locate definitions of

the commands in the reference manual,
reminders.

give students

and use them as

As students learn new commands,
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have

them

refer to the Reference Section.

Whenever possible,

answer student questions by asking students to refer to
the reference manual.

Help them develop the habit of

actively using it as a tool.

Phase Four:
After students have learned about turtle turns and
angles,

pass out Turtle Compasses,

the Angle Wheel and

the Angle Chart and ask students to include them in the
tool section.

Use of the Turtle Compass should be

modeled and taught by the teacher and reinforced
through peer help.

Several computer assistants should

be well trained in the use of this tool.
are ready,

When students

they should independently fill out the Angle

Chart and have

it checked by the teacher.

(A class

quiz on angles might be appropriate at this point.)

Phase Five:
When students have created procedures that draw
basic geometric shapes using Repeat,

have them refer to

their notes and figure out the commands needed for the
Geometric Shape Chart and put it in their reference
manual under

"Tools."

They may want to add a

rectangle and a circle to the chart.
students to solve

Encourage

increasingly difficult problems

involving basic geometric shapes.

Remind them to use

the resources in their manual as a means of developing
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this habit.

Ask students to

paper

in the Tool

Phase

Six:
Introduce

induce

a blank piece of

section for their own tool-notes.

the Planning Resource

Section of the

manual when students are actively working on
self-initiated or assigned projects.

This

section

includes:
Planner #1:

for teaching rudiments of planning.

Planner #2:

a useful general planner
shapes and pictures.

Planner #3:

a useful planner for pictures with
several components like scenes, cars,
faces.

Planner

a more detailed planner that encourages
more written expression and thinking
when planning.
Requires more patience

#4:

for

geometric

Strategies of Expert Problem Solvers:
This guide

should be used as a group

modeling behavior that can be used
such

as

spinning a

springboard

* What

figure.

tricks work for you
it

easier

* What makes

it harder?

in solving problems

It can be used as a

for discussion on the

* What makes

following questions:

in solving a problem?

for you?

* What

do you do when you get

* What

resources or tools do you have

problem?
* Are planners helpful?

lesson,

Why?
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stuck?
in solving a

*

riding a solution;
solve this problem?

* What bugs
*

has hle or her °wn method of
what way would you choose to

in thinking do you often find?

In what way can your fellow students help you?

Refer to

the unit on Expert Problem Solvers when

reviewing these questions.
Before
to work

introducing use of a planner,

in pairs and apply some of the

techniques:
New,

The

Knower,

and The Questioner.

following

In-Process Thinking,
Use

Strategies

Problem Solvers as a demonstration model
the

ask students

So What's

for Expert
for teaching

Polya Approach and using planners.
Appropriate use of a specific planner

should be

modeled when approaching assigned or self-initiated
projects.

Examples of completed planners should be

displayed around the
product.

room with pictures of the

Format of different

solutions to

students planners and

similar problems should be discussed.

Hang an enlarged chart of Planner #2
during class discussions.
versatile;

final

students will

for reference

Planner #2
tend to use

is very
it most

frequently.
As the

year progresses,

encouraged to
planner

for

own planner.

students should be

independently choose

their project or create

an appropriate
and display their

(For more details on using planners,
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see

Teaching Problem Solving with Student
Projects Mini-Unit
In summary,

4.)

the

Logo Reference Manual

teach active problem solving,
and the

seeking of answers.

encouraged to use

Initiated

is a tool

to promote questioning
Students

this tool daily.
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should be

to

STUDENT LOGO REFERENCE MANUAL

NAME.

CONTENTS

REFERENCES

Turtle Commands and Procedures
Turtle Compass
Angle Wheel
Angle

Chart

Geometric
List

Shape

Chart

of Common Bugs

Other Additions:

PLANNING RESOURCES

Outline

of the Polya Model

Summary of Planning a Project
List

of Heuristics

List

of Questions

List

of Helping Hands Techniques

Sample

Journal Questions

Project Planners
Guide:

Strategies of Expert Problem Solvers

Other Additions:

306

LOGO REFERENCE SHEET

COMMAND

EXAMPLE

FORWARD #

FD 20

BACK #

BK 20

RIGHT #

RT 90

LEFT #

LT 90

HOME

HOME

PEN UP

PU

PEN DOWN

PD

HIDE TURTLE

HT

SHOW TURTLE

ST

PEN COLOR

PC 2

#

BACKGROUND #

BG

COLORSET#

COLORSET 2

For the
reference

sake

1

of example,

the

following Logo

sheets correspond to Logo on the Radio Shack

Color Computer.
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TURTLE COMMANDS

WALKERS:

FORWARD #

FD

20

Turtle moves forward and draws

BACK

#

BK 10

Turtle moves back and draws

HOME

Turtle moves to the center without
drawing

TURNERS:

RIGHT #

RT 90

Turtle turns to the right, does not
draw a line

LEFT #

LT 90
Turtle turns to the left, does not
draw a line

CHANGERS:
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PEN UP

PU

Use this when you want to leave a
space between lines.

It can now move

without drawing. Type FD It

to make

it move.

PEN DOWN

PD

This makes the turtle ready to draw
again.

Type FD It to make it draw

agains.

HIDE TURTLE

HT

Makes the turtle disappear

SHOW TURTLE

ST

Makes the turtle appear again
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COLOR:
There are two COLORSETS:

COLORSET 0
COLORSET 1

Each colorset has four colors

You can change the turtle's PENCOLOR by typing one of
the following:

PC 0
PC 1
PC 2
PC 3
PC are the initials for PENCOLOR

If you want to change the BACKGROUND color you can do
so by typing one of the following:

BG 0
BG 1
BG 2
BG 3
BG are the initials for BACKGROUND
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When you turn on the computer, you are automatically
using

COLORSET 0
PC 0

(Pencolor is black)

BG 3

(Background color should be green)

YOU MUST USE A NUMBER AFTER EACH OF THESE COMMANDS:

COLORSET #

COLORSET 1

PC #

PC 2

BG #

BG 1
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PROCEDURES

You can teach the turtle to make new shapes.
First think of a name for your shape.

You

can teach the turtle how to make the shape in
the EDITOR.
First Press BREAK E and then type in
the word TO,

the TITLE,

INSTRUCTIONS and END.

EXAMPLES:

TO

+ A TITLE

TO BOX

INSTRUCTIONS

REPEAT 4 (FD 20 RT 90)

END

END

TO + A TITLE

TO LL

FD 40
INSTRUCTIONS

RT 90
FD 40

END

END

Type BREAK R, when you want to run a procedure.
will then see the turtle on the screen.
of the shape you want to draw.
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You

Type the name

WORKING IN THE EDITOR

The cursor is the black short line on the screen
It moves as you type.

TO ERASE

The SPACE BAR will erase what's
under the cursor.

TO MOVE
THE CURSOR

Use the left or right arrow to
move the cursor.

TO GO UP
ONE LINE

Use the DOWN ARROW.

TO GO DOWN
ONE LINE

Press ENTER or use
the UP ARROW.

TO SCROLL
TO THE
END

Press SHIFT and use
the UP ARROW

TO STOP
SCROLLING

Press the SPACE
BAR

TO INSERT
A BLANK
LINE

Press SHIFT and use
the DOWN ARROW

TO INSERT A
BLANK SPACE

Press SHIFT and use
the RIGHT ARROW

TO DELETE
A CHARACTER

Press SHIFT and use
the LEFT ARROW
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angle

wheel

314

turtle

comeass

315

angle

chart

CALCULATING POLYGONS
Complete each procedure to teach the turtle how to draw
these regular polygons.

Regular Polygon

Give each procedure a name.

Procedure

Equilateral Triangle

TO_
REPEAT _ (FD 20 RT_)
END
Square

TO _
REPEAT _ (FD 20 RT_)
END

Regular Pentagon

TO _
REPEAT _ (FD 20 RT_)
END

Regular Hexagon

TO __
REPEAT _ (FD 20 RT_)
END
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Regular Octagon

TO _
REPEAT _ (FD 20 RT.
END
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LIST OF COMMON BUGS

No space between FD and a number:

FD10 instead of FD 10

Typing in the letter 0 instead of a zero

Forgetting the TO in a title

Other bugs I have found:
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PLANNING RESOURCES

*

The Polya Model and Suggested Heuristics

*

List of Heuristics

*

List of Questions

*

List of Helping Hands Techniques

*

Sample Journal Questions

*

Project Planners #1-4

*

Guide:

Strategies of Expert Problem Solvers
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USING THE POLYA MODEL TO PLAN
AND COMPLETE A PROJECT

1.

2.

Define your problem

a.

Draw a rough picture of your drawing.

b.

Describe the picture.

Make a plan

c.

Name each part and draw a picture for each
part.

If a part is made of several shapes,

name the part and list the shapes that make up
the part.

d.

Decide which shapes or parts will be used more
than once in your design,

and make a mental

note of it.

3.

4.

Try your plan

e.

Create a procedure for each shape and part.

f.

Create a calling procedure.

Solve and review the steps you took.
What discoveries did you make?
problem!!!!
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Any bugs?

Solve your

EQLYA MODEL AND SUGGESTED HKURT RTT C,R
Step—ll—To Define the Problem

Strategies:

- Nutshelling
- The Knower
- Whole To Parts

Step 2: To Plan

Strategies:

- The Knower
- Brainstorming
- Whole to Parts
- Frame It
- Sequencer
- The Questioner
- Paired-Problem Solving
- Checklist
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Step 3: To Trv the Plan

Strategies:

- Talking to My Shadow
- In-Process
- Sources (reference manual)
- The Questioner
- Assistants
- Journal Notes
- Paired-Problem Solving
- Trios
- Bug the Bugs

Step 4;

Solve and Review

Strategies:

- Bug the Bugs
- End of Process
- Checklist
- Journal Notes
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HELPFUL

HEURISTIOS

NUTSHELLING
Define the problem in three different ways, ueing
as few words as possible.

WHOLE TO PARTS
Break the problem into parts, and then put the
parts together again.

BRAINSTORMING
Generate a list of ideas without evaluating any of
them.
Use this list as a springboard to make a plan.

TALKING TO MY SHADOW
Talk outloud to myself and listen to what I am
saying.
Review the steps I took or the plan I just
made.
Gather new ideas and see mistakes by listening
to my bright ideas.
Take notes on my ideas.

SO WHAT'S NEW?
Think about what is different about this problem.
What problems have I solved that are similar?
In what
way?
How can this help me solve my problem?

THE QUESTIONER
What questions can I ask myself that will help me
think better.
(See the list of questions in my
manual.)

CHECKLIST
Make a checklist of important points or tricks that
might help me solve this problem.
Include a list of
criteria that need to be completed to solve the
problem.
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BUG THE BUGS
Look in my reference manual at the list of bugs.
Look for one kind of bug at a time.
Have I overlooked
a common bug?

JOURNAL NOTES
Look in my journal for ideas, tricks and
information.
Take new notes.

THE SEQUENCER
Rethink the order of the steps I plan to take.
Think about putting parts in a different order.

START AGAIN
Look back at the steps I have taken?
Did I turn
down the wrong road? What did I learn? Begin again if
I feel confused.

SOURCES

I

What books are in the room that can help me?
looked in my reference manual or a Logo book?

Have

FRAME IT!
Make a picture, chart, or doodle that will help me
think more clearly about my problem.

USE ONE OF THE HELPING HANDS TECHNIQUES
Look in my reference manual for ideas of ways my
friends can help me.

OTHER HEURISTICS:
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HELPING HANDS TECHNIQUES
THE KNOWER
Ask a friend to ask me the following questions:
1.
2.
3.

What do I know about this problem?
What do I think I know about this problem?
What do I need to know about this problem? Then
use whatever resources I have to find out the
missing links that will help me solve the problem.

IN-PROCESS
While I work, occasionally ask a friend to ask me
these questions:
1.
2.
3.
4.

What's my
What have
What do I
What bugs

plan?
I done so far?
want to do next?
am I having problems with?

TRIOS
Ask two friends to work with me.
We will take
turns being the programer, debugger, and advisor.

PAIRED-PROBLEM SOLVING
Ask a friend to listen while I think out loud and
try to solve the problem.
Ask my friend to ask me
questions if I sound unclear or she/he doesn't
understand me.
I can request specific questions
that can help me think better as I say the answers
aloud.

CLUE-GIVING
Ask one of the clue-givers in the class to give me
a clue.
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FRIENDS
Find a friend to discuss the problem with and come
up with some fresh ideas.
Ask neighboring students
if they have any ideas? Have they solved a similar
problem?
Remember, I don't want a solution to my
problem, just help.

ASSISTANT
Ask an assistant for help.
SHOWCASE OF IDEAS
Look on the bulletin board. Showcase of Ideas,
ideas, clues, similar problems, etc.

OTHER WAYS FRIENDS CAN HELP ME:
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for

LIST OF QUESTIONS
1. THE KNOWER
A.

What do I know?

B.

What do I think I know?

C.

What do I need to know?

D.

How can I find this out?

REVIEWER
A.

What did I do?

B.

Why?

C.

Did it work?

D.

What did I mean to do?
plan?

E.

What did I discover?

Why?
Why?

What was my

BUGS
A.

What bugs could there be?

B.

Have I looked for the common bugs?

C.

Have I

D.

Have I looked on the list of bugs?

looked for one bug at a time?

WHOLE--TO-PARTS
A.

Did I overlook a part?

B.

Can I put the parts together differently
Better?

C.

Did I make too many parts?

D.

Am I missing a part?
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5. Am I confused?

Why?

6. If I started again, what would I do this time?
What would I leave out?

7. Did I find any unexpected results?
Why?

What happened?

8. How can I structure this procedure differently?
What could I change in this procedure to make it
work better?

9.

What heuristics did I use?

10.

Is there a better way I can organize the
procedures?
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Did they help?

How?

OTHER QUESTIONS
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SAMPLE JOURNAL SHEET
LOGO PLANNER #1
1. What do I plan to do?

2. What do I need to find out to be able to carry out
this plan?

3. What did I do?

4. What did I discover?

5. Notes on bugs:

6. What do I plan to do next or need to know for next
time?

7. Finished programs:
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LOGO PROJECT PLANNER #2
STEP I. DEFINE YOUR PROBLEM.

1. Define your problem.

2. Describe your picture in words.

3. Draw a picture of your problem.

STEP II. MAKE A PLAN

4. Use "Whole-To-Parts".
problem.

Name the parts of your

a.

Draw a picture of each part.
each part.

give a name to

b.

If a part is made up of several shapes, name
each shape.

c.

If the same shape is used in several parts,
can you use the same sub-procedure that makes
the shape, several times?

5. Make a plan how you will fit the parts or
sub-procedures together.

STEP III. TRY YOUR PLAN
6.

Try out your plan and revise your plan.

STEP IV.
7.

SOLVE THE PROBLEM AND REVIEW

Solve the porblem and review.
Ask yourself
questions using the End-of-Process technique.
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LOGO

PROJECT PLANNER #3

NAME

DEFINE

1-

Please

draw a rough picture of your project.

2. Please

describe your project.

PLAN

3. Please name

all

the parts of your project.

Part A.
Part

B.

Part C.
Part

D.

Part E.
Part

F.

Part G.
Part H.
Part

4. Name

I.

the

shapes that make up each part.
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SHAPES

SHAPES

SHAPES

Part A.

Part B.

Part C.

Part E.

Part F.

Part G.

Part H.

Part I.

5.

Make a procedure for each of these shapes. On a
separate piece of paper, please write the commands
for each procedure.
Example:

Part A.

BOX

Shape

small square

To SM.SQUARE
REPEAT 4 (FD 30 RT 90)
END

SOLVE AND REVIEW
6.

On a separate piece of paper, write a CALLING
PROCEDURE that ’‘calls" the other procedures and
thus draws the whole picture.
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PLANNER #4
LOGO PROJECT

NAME _

Remember the four steps in solving a problem:

1.

Defining the problem

2.

Planning

3.

Trying out your plan and revising your plan

4.

Solving the problem and reviewing

STEP ONE:

DEFINING THE PROBLEM

1.

I will draw a rough picture of my project below.

2.

I will define my problem in wordB. (It may be
helpful to describe your project first and then
DEFINE THE PROBLEM in a short sentence.)
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*#***:+:*******:♦:*:** ************************************:**
STEP TWO: PLANNING

Plan:

I will name all the parts in my picture.
I will then name each shape that makes up a part.

Example:

Parts:

big box,

small box

Shapes: big box = square shape
little box = small square shape

Other details about my plan:

3.

These are the names of the parts of my project.

Part A----
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Part B.

Part C._

Part D._

Part E.__

Part F._

Part G.____

Part H._

Part I._

Part J._

***********#*********>*:****>lc***>|o»:**iK***>»:*Xo^*>K)*:>lf *******

4.

I will name the shapes that make up each part.

SHAPE

SHAPE

SHAPE

Part A. ____—-

Part B. ------—

Part C._____

Part E. __________

Part F. ---—-
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Part G.

Part H.

Part I.

Part J.

More details on my plan:

I will write a procedure for each shape and then put
the procedures together to make each part.
I will then
put the parts into a whole.

More details on my plan:

DISCOVERIES OR NOTES:

STEP THREE: TRYING OUT MY IDEA AND REVISING

5.

I will write a procedure for each of these shapes.
On a separate piece of paper, I will write the
commands for each procedure.
Example:

6.

Part A.

_big box_

Shape

big square

TO BIG.SQUARE
REPEAT 4 (FD 30 RT 90)
END

Then on a separate piece of paper, I will write a
SUPER-PROCEDURE that ,,calls,' the other procedures
and thus draws the whole picture.

STEP FOUR:

SOLVING THE PROBLEM AND REVIEWING MY WORK

1.
Have I really solved the problem?
see if the solution makes sense.

2.

I will check and

What did I learn from this experiencei
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3.

What would I do differently next time?

4.

Why?

5.

What would I like to try next?
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STEP TWO: PLANNING

Plan.

I will name all the parts in my picture.

I will then name each shape that makes up a
part.

Example: Parts:

big box,

small box

Shapes: big box = square shape
little box = small square shape

Other details about my plan:

3.

These are the names of the parts of my project.

Part A.___—-—-

Part B. _______

Part C. __—-----
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Part E.

Part F. _

Part G.__

Part H. _

Part I.___

Part J. _

4.

I will name the shapes that make up each part.

SHAPE

SHAPE

SHAPE

Part A. __

Part B. ___—-

Part C. ------

Part E.___

Part F.

---

Part G.____—--

Part H. ------“

Part I---

Part J------
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More details on my plan:

I will write a procedure for each shape and then put
the procedures together to make each part.
I will then
put the parts into a whole.
More details on my plan:
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Name

STRATEGIES FROM EXPERT problem SOLVERS

EXAMPLES OF PROBLEMS:

PROBLEM #1
I want to make pictures that have spinning closed
figures like triangles, squares, rectangles, etc.
*****

I.

MAKE THE PROBLEM AS CLEAR AS POSSIBLE

*****

DEFINE THE PROBLEM (Nutshelling)
HOW CAN I MAKE A DESIGN THAT SPINS A CLOSED FIGURE?
(A closed figure is a shape that closes.
is a closed figure, but not a U shape.)

A square

QUESTIONS TO ASK MYSELF (The Questioner):
What programs have I
this problem?

seen that might hold clues to

What notes do I have that might help me?
Will my reference manual give me any help?
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Have

I

solved a similar problem,

bow?

What is my first step is solving this problem?

Other questions:

What new information do I need to know?

**** NOW MAKE YOUR PROBLEM SMALLER ****
(Whole-To-Parts)

EXAMPLE OF A SMALLER PROBLEM:

1.

DEFINE THE SMALLER PROBLEM:
(Nutshelling,

HOW CAN

Whole-to-Parts)

I MAKE A PICTURE THAT SPINS SQUARES?
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II.

MAKE A PLAN:
(The Questioner,

Frame-It,

So What's New,

Sources,

The Knower)

1.

Ask questions:
A.

Do I know how to make a square?

B.

Can I write a program that makes a square?

C.

Let me make a sketch of the picture I want to
create.
How many squares do I use?

D.

How far apart do I want the squares?

E.

Can my reference manual help me?

F.

Are their other programs that might give me
clues?

Other questions:

What new information do I need to know?
(the Knower)

2.

WHAT STEPS DO I WANT TO TAKE?
(The Sequencer)
a.

I will break my problem into parts.
Part 1:
Part 2:

making a square
making a picture that spins squares
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b. I will write a square procedure
the Editor.

III.

(program)

in

c.

I will experiment with the square procedure
in Run Mode, trying to create a picture of
spinning squares. I will take notes on my
work, writing down what works and what
doesn t work (bugs). (Journal Notes, Bug the
Bugs)

d.

I will then use the Edit Mode to write the
procedure(s) that will create a picture of
spinning squares.

TRY MY PLAN

(In-Process,

Journal Notes)

I will review what I've done so far and write down any
new ideas.

IV.

SOLVE THE PROBLEM AND REVIEW

(End-Of-Process,

Journal Notes)

Last Steps:
1.

I will write down the finished program in my
notebook.
I will review how I found the
solution.
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^
create a discovery section of my
notebook to record discoveries and bugs.
I
will write down what I learned and hints for
next time.
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PROBLEM # 2
I want to make a picture of spinning squares where
the squares are close together.

I. DEFINE THE PROBLEM
How can I make a picture of spinning squares that
are close together? (Nutshelling)
II. MAKE A PLAN
1. Ask questions:

(The Questioner)

A.

How can I change the procedures to make a
picture like this?

B.

Which numbers or parts of the procedure will
affect how far apart the squares are?

What new information do I need to know?

3.

WHAT STEPS DO I TAKE?

III. TRY MY PLAN.

More Ideas:

Bugs to look out for:
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IV.

SOLVE THE PROBLEM AND REVIEW

This is what I

learned:

My biggest problem was.

What helped was.

This is what I want to try next time.

OTHER PROBLEMS TO SOLVE:
1.

Create a picture that spins squares that are far
apart.

2.

Create a picture that spins tiny squares.

3.

Create a picture that spins very large squares.

4.

Create a picture that spins tiny squares and large
squares in the same design.

5.

Create a picture that spins triangles.

6.

Create a picture that spins triangles that are
close together.

7.

Create a picture that spins triangles that are far
apart.

8.

Create a picture that spins rectangles.

g_

Create a picture that spins tiny rectangles.

10.

Create a picture that spins rectangles of different
sizes.
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Mini-Unit. 3

Lqko

Project

Planners.

Introduction
In this mini-unit,

the creation and use of project

planners will be discussed.

Several examples of

planners are provided in the Logo Reference Manual and
incorporate the Polya Model,

the forementioned specific

heuristics which use six critical thinking skills.

Goals
1.

The students will learn to routinely use planners
as they solve problems.

2.

They will become accustomed to using specific
heuristics as they work with their planner.

Implementation

Preparation for Using the Logo Project Planner

Students should have experience in creating
super-procedures and doing mini-projects that entail
drawing a picture on the computer screen that they have
seen on paper.

They should have experienced a

struggle with the program structure or flow of control.
Example:

Draw a picture of a truck,

super—procedure.

using a

They may have had difficulty

sequencing the sub-procedures or knowing how to break
the problem into parts.
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The following concepts should be

introduced and

used regularly in class before UBing the Project
Planners #2-#4:

First Concept—Whole to Parts:
From Day One

in Logo,

the students should be asked

to name the parts in a picture.

Escher Prints,

tangram

pictures and simple scenes are excellent media for
this.

Extend this into a more general arena.

Examples:
joints?

What steps would a robot take when oiling its
What steps do you take when you get ready to

go to the movies?

What ingredients do you need to make

brownies and what steps do you take to make brownies?
Give students a problem and ask them to define the
problem and break the problem into parts.

Example:

You are ten years old with a broken leg.

You are home

with your toddler sister and your mother.

Your toddler

sister is very quick on her feet and gets into mischief
quickly.

Your mother needs to go to the store and get a

bag of groceries.

There

is no car at home.

What's the

best way to get groceries to the house? Ask students to
define the problem.

Ask them to name the aspects/parts

that make the situation difficult,

etc.

They probably

will be able to intuit a solution,

but encourage them

to talk about their thinking and each aspect of the
problem.

Later,

give a broader example.

352

Use examples

from their math book,
book.
it

social studies book and science

Ask the students to define each problem and break

into parts.

Ask them to define the word,

problem.

Ask them what makes it hard for them to solve problems.

Second Concept:

Using a general approach to solve a

problem and choosing specific strategies can be useful
when solving a problem:
Ask students to define the word,
examples of problems.

P'roblem,

and give

Discuss what is easy and hard

about solving a problem with many parts.

Give examples

from Logo and other subject areas and ask students to
give examples and share about their experiences when
solving problems.
are

"thirsty”

Introduce a project planner when they

for help and want a structure that will

help them accomplish their goals.

Examples of Planners

are given in the Student Logo Reference Manual.
unit.

Expert Problem Solvers,

The

is useful when

introducing these concepts.

Implementation of Loro Project Planners

Introduce or review the Polya Model and the four steps:

1.

Define the problem

2.

Make a plan

3.

Trying the plan out and revise
necessary
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it as

4.

Solve the problem,

and reviewing

Discuss with students the connection between the
following Logo project planners and the Polya Model.
Refer to Polya as an expert problem solver.
a Logo project planner step by step.
o£ a spinning figure,

Go through

Give an example

and model using a sample planner.

(You might want to include the Strategies of Expert
Problem Solvers Guide located in their Logo reference
manual,

as part of this lesson.

It takes spinning

figures and goes through a planner,
Next,

step by step.)

give an example of a picture with several parts

(truck,

flower,

kite,

radio,

out a planner together.
assignment,

clownface,

etc)

and fill

As an out-of-computer-lab

ask the students to create a design on

paper and fill out a planner and bring it to class.
They might need help refining their work on the
planner,
fly with.
students'

but they will have a structure that they can
Gradually incorporate use of planners into
daily work.

Whether students spend one day

on an assignment or several months on a project,

use of

planners and such techniques as In-Process and
Paired-Problem Solving should be frequently employed.
Students may take several months to work on a project
or two class periods.

Encourage starting off with a

simple clear-cut project
simplifying ideas.

See

idea and provide guidance in

Mini~Unit—4
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for ideas for

projects.

Stress active problem solving,

the six

critical thinking/problem solving skills of defining,
questioning,

planning,

analyzing,

revieing/self-monitoring.

synthesizing,

and

Include the heuristics and

Helping Hands techniques described in their reference
manual.
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Mini-Unit. 4

Teaching Problem

Solving with student initiat*d

ErQ.lectB in T.ngq

Introduction

Logo projects provide students with the
opportunity of concretising Logo concepts while
practicing the problem solving skills and heurietics
that they have used in other contexts.

The commitment

most students feel towards their own project idea
usually carries them beyond the roadblocks that
inevitably occur in the process of solving a problem.
However,

without careful selection of a manageable

project and prior practice with the heuristics
mentioned in previous units and this resource book,
students still often falter in the face of the unknown.
Habits in active problem solving should be cultivated
throughout the year by using a reference manual,
classroom resources,

interaction with peers,

encouraging a positive

and by

inquisitive attitude.

A student's feeling of competence

increases as

s/he attempts increasingly difficult projects.
best to

It is

initially give assignments that have an

open-ended

product,

giving

students
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the

opportunity

to

design their own challenge
learning a new concept.
progress to

at every

In this way students slowly

increasingly more difficult

student-initiated projects.

Refer to the detailed

description of a Logo environment
to

this unit which

independence
these

juncture of

lays the

in the

introduction

foundation for building

and problem solving skills necessary

projects.

See

the unit

"Getting Started"

for

for

background on the pedagogy of this approach and the
application of the Polya Model.
section on metacognition

Refer to the earlier

in this Logo unit

the heuristics that develop metacognitive
This mini-unit
projects,

for

some of

skills.

includes a suggested sequence of

which stress use of planners and specific

heuristics.

Goalg
1.

Students will use projects as a means of
strengthening problem solving skills, programming
skills, and Logo skills.

2.

Students will build metacognitive skills as they
use collaboration techniques while programming.

3.

Students will practice using a reference manuals
Bftlf-mifiBtioning techniques and collaboration
techniques while solving problems.

4.

Students will experience a growing feeling. of
rmrnpetence in Logo an<3 increase pride to
frustrations as they complete their Logo
projects.
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5.

Students will have practice in designing manageable
PCP>isets—dfld—developing plans,

6.

Students will grow social1y as they help each other
and share in the process of completing projects.

Implementation
Suggested Sequence of Project

Use
Logo.

the

following

ideas as students progress

Intersperse with activities described

units and with
concepts.

instruction

in

in other

in Logo and problem solving

This sequence of projects works well with

the progression of Logo
that Projects
the

Ideas

I

skills suggested earlier.

through V are helpful

Note

for concretizing

concepts behind creating super-procedures.

Teachers

should choose the projects that work best with the
structure

of their classroom.

according to
motivation,
Project

time

III
(see
are
a

in the

sequence

interest

and

skills.

in difficulty

first year of working with Logo.

of metacognition and conscious use of
should be

- V refer to

given here

springboard

encouraged throughout.

exercises

appendix for

framework.

student

included are progressive

and may be used

strategies

the

and knowledge of prerequisite

ideas

Development

requirements,

Change

Projects

in the Book Logo D.lBCQverle.£

reprints of these exercises).

They

to exemplify how Logo books can serve
for

Ideas

as

further activities using the TACTICS
for other projects may be
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found

in

such books as Logo Discoverirb,
instruction book.

Projects may take one week to two

months to complete.
pointers

for the

or any other good Logo

Comments

in parentheses are

teacher and can be deleted

if the

teacher wishes to make copies of the project
descriptions
As

for

students.

students work on their projects,

following critical
defining,

the

thinking and problem solving skills:

questioning,

synthesizing,

emphasize

planning,

analyzing,

and revising/self-monitoring.

Always

begin a project by working on the definition of the
problem.

Review the

steps

in the Polya Model

frequently

and spotlight applications of specific

heuristics

in a project,

Bugs,

etc.

to use

(See

as Whole

to Parts,

Logo Reference Manual.)

Bug the

Ask students

In-Process and End-of-Process heuristics as a

matter of course

as they work on their projects.

students utilize

the

As

suggested planners they will

practice

applying the Polya Model and forementioned

critical

thinking

Periodically
the

skills.
structure the class to

Paired Problem-Solving technique.

be well versed

include use of

Students should

in using this strategy as

it helps

students develop metacognition and will help to

focus

their thinking.

Other strategies such as Talking to my

Shadow and Frame

It will help students concretize
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their

thoughts.

So What's New and Journal Notes strategies

will help students reflect on their past experiences
and build on that
Clue-Giving,

knowledge.

Sources,

Use of Assistants,

and referring to the

Showcase of

Ideas might help them when encountering a block

in

Problem Solving.
Encourage use of all

available

peers and reference manuals.

resources

including

Student-teacher

conferences about each student's planner will
facilitate
student
refer

to

trouble

optimum use of the planner and encourage

to use

specific heuristics.

the Heuristic Bank
spots.

Encourage

for

the

Remind students to

ideas of ways to tackle

the computer assistants to

give hints rather than answers to model active-thinker
problem solving,
their

Logo

importance

and to encourage

reference manual

for help.

that

Emphasize

the

of asking oneself questions and being aware

of one's own thinking process.
life

students to refer to

relate

to

Refer to experiences

this concept.

360

in

Examples of Project

Ideas with

Instructions

for

Students

The
cards

following examples can be xeroxed on

index

for use by students.

General

Instructions

Think of your own project or choose one of the
project

ideas

listed on these cards.

project clearly.

Refer to the page,

Suggested Heuristics"
which reminds you of
helpful
work,
the

at

Define your
"Polya Model

in your Logo reference manual
specific heuristics that may be

each stage of solving your problem.

pause

and

for recording journal entries,

As you

and doing

In-process or Paired-Problem Solving strategies

with a

friend.

Use

your Logo reference manual

ideas of other useful

strategies,

for

questions to ask

yourself and to review Logo commands.

Using the

strategies

refer to your

notes

So What's New and Sources,

in your

journal

in case

completing your project.
to

they have clues for

If you feel confused or want

clarify your thinking try using the

to my Shadow,

Paired Problem Solving,

Knower,

Talking

Trios or The

Sequencer.
Choose
the

project

a planner or use
idea.

the version suggested

Each uses the Polya model
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m a

in

slightly different
End-of-Process

fashion.

Always use

the

strategy after you finish a project.

Projects

I.

Networking
Create your own pictures using

from the networker.
like

to create

journal

design.

Decide on a design that you would

and complete Planner #1

entry.

strategies.

shapes downloaded

Use

Create

in the

form of a

the Nutshelling and Whole
a super-procedure

to Parts

that draws your

(See The Networker Mini-Unit

for more

details.)

II.

Spinning Figures
Choose

create

a

on the

spinning geometric
screen.

you can before
Nutshelling
thinking.

Fill

At

some point

should have

participation

Repeat,

the

the

in your work,

and the

focus your

friend.

for help

do the

(Note

for teacher:

following prerequisites:

in classroom

spinning,

Knower,

Logo Reference Manual

ability to program geometric

on basic

Use

and Sources and Strategies to

In-Process technique with a
students

that you wish to

in as much of Planner #2 as

starting to program.

Refer to your

if needed.

shape

shapes using Repeat,

instruction and assignments

working knowledge of the

angle of turning.
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role of

They should have

completed the Angle Chart and the Polygon

Chart

in the

Logo Reference Manual before embarking on this project.
(See Unit on using a Logo reference manual.)
project

can be extended to

figures

in the

III.

geometric

same design.

Triangle Designs
Do exercise number

Discoveries.
The

spinning several

This

Follow the

Knower technique

Planner #1.
picture.

Create

16,

page

18

in Loco

steps

in the Polya Model.

to gather

ideas and then fill

play with the

super-procedures to create your own designs.

IV.

Fly

a Kite

Discoverles.
RT

19

Note

instead

decimal points.
Planner #1
Knower,

page

34

Before beginning to program,

or #2.

Make

Whole-to-Parts,

As you work,

to use

the

sure
The

to use

the

in

strategies The

as needed.
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It.

instead of a file

concentrate on debugging,

It

fill

Sequencer and/or Frame

strategies The

Sequencer orFrame

19.5.

if your computer does not understand

sub—procedures and noticing the
sure

in Loco

that the Top procedure uses RT

Record your procedures on a planner
disc.

Add a

pencolor and background.

Do exercise number 29,

Type

in

a super-procedure that draws each

When you are done,

different

Use

turtle
Knower,
Use

state.

using
Make

Whole-to-Parts,

any of the other

heuristics,

in the heuristics bank,

Logo Reference manual,
techniques

or utilize

that you have

questions,

from the

Helping Hand

learned.

The reference

section of your manual may help jog your memory of how
to

do

some

turtle

tricks.

After you complete your kite,
spinning designs with the kite.
the

kite?

kite.

Make

heuristic.

share

How else can you use

Draw a picture of another design that uses a
a plan using Planner #1 or #2.
Whole

When you are
and

experiment making

to Parts,

finished,

use

to help you make

Use

the

a plan.

the End—of—Process technique

your work with another student.

(Prerequisite:

ability to create basic

sub-procedures

and super-procedures.)

V.

Kaleidoscope

1.

Do exercises 27 and 28, p. 32-33 in Logo
Discoveries (in Appendix B).
Use Whole to Parts
and The Sequencer to help you think about shapes
and the order of your program.
These exercises
will help you build your own kaleidoscope picture.
When the book suggests that you save your
procedures on a files disk, you might decide to
record them in your journal or on a planner also.

2.

As you work use at least one of the following
strategies: Talking to my Shadow, Paired-Problem
Solving or In-Process
When you are finished with
one of the pictures in exercise 28, share your
solution with a friend who has also completed the
picture.
Compare and discuss each of your
solutions.
How do they differ?
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3.

Now try spinning some of the designs. Does it
remind you of an image in a kaleidoscope?
Take
some notes in your journal, so you can use your
discoveries for future designs.

4.

Now think of another design that would be an
attractive image in a kaleidoscope.
Choose Planner
#2 or #3 and fill it out.
Use the strategies
Nutshelling, theKnower, Whole-to-Parts, Sequencer,
Questioner, In-Process and End-of Process as you
work.
Include different pencolors and a specific
background color.
Create a super-procedure for
your final product.
Save your work for you might
want to include it in a class kaleidoscope show.

5.

Share your work with a student using one of the
Helping Hands techniques.

(Students
a

super-procedures can be compiled and used

slideshow of kaleidoscope pictues that

screen.

in

flash on the

Changing the background color between slides

(pictures)

will

VI.

to Parts

Whole
Create

create

a picture

teacher might have
Draw a draft

a flashing effect.)

that

is made of many parts.

a packet of suggested pictures.

of this picture on paper.

sub-procedures

Your

and a super-procedure

Create

that will draw

your picture.
Use

planner #2,

program.

ideas

for

before beginning to

Sequencer heuristic.

After you have
that

or #4,

Concentrate on using the Whole to Parts

and the The

scene

#3,

created your picture,

includes your picture.
awhile,

use planner #2,
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think of a

After playing with
#3,

or #4.

Choose a

Helping Hand technique

like The Knower,

Paired-problem Solving to help you.

In-process or

Remember your

reference manual has reminders on creating procedures,
helpful questions to ask and a
When you are
Showcase

of

finished,

name

VII.

your

solution

and the

Free

post your problem on The

Ideas Bulletin Board and watch for other

solutions to your problem.
put

list of frequent bugs.

Make

sure

in an envelope,

to post clues and

labeled with your

title of the project.

Choice

1.

Create a picture
detailed design.

2.

Run through The Knower and Nutshelling techniques
with a friend.
Use your reference manual
(Sources), computer assistants, and friends as
resources to find out the missing links of
information you will need in order to solve your
problem.

3.

Use Planner #2, #3, or #4 and show it to your
teacher before beginning to program.
Note that as
you use a planner you are applying the following
strategies: Nutshelling, Whole-to-Parts, The
Sequencer, The Questioner, etc.
As you work, take
notes so that you can easily continue your work in
the next class.
Pause periodically and use the
In-Process technique to clarify your tinking.
Use
Bug the Bugs, and the Questioner to find errors in
your program.
Refer to the page "Polya Model and
Suggested Heuristics" in your Logo reference manual
for other ideas for helpful strategies.

4.

When you are finished, run through the
End-of-Process technique with a friend.

5.

Mount your finished project, planner and programs
and post them in the hall, the Logo lab or in your
regular

that tells a story or has a
Draw a draft of this on paper.

classroom.
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VIII.

Slideshow
Create

a slideshow of your favorite designs.

lots of color!
screen.

friend and
choose
the

Flash one design after another on the

Your reference manual has the key to

pictures on the

Use

screen.

fill out

Do The

flashing

Knower strategy with a

a planner before programming and

other helpful

strategies to use.

Run through

End—of—process technique when your finish your

project.

Share your final product with friends and save

your work for a final
private

slideshow.

and white

extravaganza class slideshow or

If you wish,

slides from your

procedures.

Note

we can print out black

show and print all your

in your journal what

strategies were

most helpful to you.

IX.

The

Scene

1.

Draw a picture of a scene. As you draw, be aware
that you will be programming each shape in the
scene.

2.

Use the Whole to Parts technique,
parts of your picture.

3.

Use this when filling in Planner #2, #3 or #4, or
create your own planner.
Planner #4 may be most
useful

4.

and

label

all

the

to you.

Run through The Knower technique with a friend,
think of the Sources strategy and learn any
programming tricks you need from your reference
manual, a computer assistant, a book your journal
notes, or a friend.
Use Frame It and Sequencer
strategies as ways to organize your ideas and the
parts of the program.
Remember to use the
In-Process heuristic.
Enjoy creating your scene.
Use

lots of color!
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5.

Run through the End-of—process Technique with a
friend.
Note which heuristics or Helping Hands
techniques you used when solving this problem.

6.

Post your final project!
Choose one discovery and
post it on the Showcase of Ideas.

X.

Animation
Look at the

Can you animate

scenes or objects that you have drawn.
any of these?

Will erasing

lines or

flashing background colors help you do this?
picture
The

that you have drawn and try to animate

Knower

technique
Choose
Note

technique

it.

a
Use

and another Helping Hands

during the

process of solving the problem

a planner and work with

it before programming.

in your journal which Helping Hands heuristics you

used.

When you are

using the
the

Choose

share your work with a friend

End-of-process technique.

Showcase

animate

done,

of

Ideas that will help another

a picture.

solutions!!!
should have

Create

Remember—do not

give

in erasing

for

student

answers or

Post your project and planner.
skill

a clue

(Students

lines before beginning

this project. )

End of year projects:

XI.

Student Teachers
Plan a

lesson for a 4th or 5th

has never used Logo.
Include

the

Create

following parts

grade

student who

a planner and fill
in your
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lesson:

it

in.

1.

Give

a

five minute

introduction to

2.

Choose

3.

Have your

4*

«iT?ithe^StU?e^ a problem to solve using this
hcum/!!er to veralize his/her thoughts
(Talking to My Shadow, Paired Problem Solving).

5.

Share

and teach an easy

Logo.

Logo skill.

student practice this skill.

some of your own exciting work!

° ?larJ to dlscuss specific points of
(Friends, End-of-Process)
XII.

You may want
interest.

Programmer's Exhibition or Project Showcase
Share

class or

a

favorite project with a student

another grade.

project discuss the

(Friends)

in another

As you share your

following points:

1.

What goal
project?

did you have

2.

What was your

3.

Define

4.

Share what you would change or add
time.

5.

Share any "tricks-of-the-trade",
difficult bugs, etc.

6.

Show your planner and a copy of all your
procedures.

7.

Talk

8.

Ask your

final

in mind when you began your

goal?

your problem.

about what

you

if you had more

discoveries,

learned.

friend to ask you questions.
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Mini-Unit.

S-QUlblning Logo Graphics and Text-

Introduction

Logo Writer and other similar Logo graphic and
text programs have the capability of displaying text
and graphics together.

Because of this feature writing

skills as well as programming skills can be exercised.
In this mini-unit three

ideas for projects will be

presented that incorporate both text and graphics.

Gsals
Students will consciously use a similar planning
process and similar strategies when working on the
writing and graphics components of a project

involving

text and graphics.

Implementation

Project

Ideas;

Project

1:

Map-making and map-reading game

Purpose:

Students will create a map-reading game that
will allow the player to practice following
directions.

Goals:

to exercise map-reading, map-making and
following direction skills, use of x-y
coordinates or latitude and longitude, and
if-then statements.
Students will also
practice writing concise instructions
regarding directions and use of north,
south, east and west.
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Students will create
involves a maze
turtle

and directions

steps north,

south,

correctly moving the
directions,

turtle according to each set of
see

for correct

return home
game,

further

screen at

the

incorrectly the
instructions.

light

show or treasure

longitude.

It might

a riddle

screen.

also

include

will

determine
focus

the

and

the

latitude

sequence

a theme

planners

graphics and one

and

game

the
decide

longitude

further directions or

clear directions and

final treasure or
for the

light

one

for text,

serves as a controller
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show.

game must be chosen.

should be used that

and

further directions appear

giving of

form of the

interest,

Three

(or

This

When the correct

to plan how to draw the map,

signal

write

latitude

program a mystery map game

which x-y coordinates

riddles,

At the end of

an adventure

solve.

is given,

To

student will have

points)

turle must

last x-y coordinate that's checked.

format which has riddles to

on the

If the

appears on the

can be modified to also practice

answer to

turtle).

if the player follows all directions
a

for

(This can be done

location of the

followed

for

correctly,

To

a new message on the

further directions.

directions are

game

After

If-Then statement using x-y coordinates as a

checkpoint

the

that

in terms of so-many

east or west.

the player will

screen giving
with an

a mystery map game

one

for

each of these components.
the

page

titled:

Heuristics
should be

Polya Model Planner and Suggested

in the

students'

employed.

conscious use of

Logo Reference Manual

Metacognitive development and

strategies should be

throughout

the process.

Project

Dilemmas

2.

The heurisitics suggested on

stressed

- Conflict-Resolution Adventure

Stories

Purpose:

Students will

illustrate a story

focusing on

resolution of a conflict between peers and create
for

the

story.

that will

text

An adventure-book format can be used

allow the

reader/player to choose betwen

alternatives actions as they read and to view
consequences.
#4

to

see

component

Please refer to writing mini-unit #3 and

suggested
of

instructions for the writing

this project.

Pre-requisites:
superprocedures,

Experience using
text,

graphics,
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If-Then statements,
use of planners.

Goals:
1*

To help students distinguish between
productive and non-productive solutions to
problems.

2.

To

increase awareness of problems in the

classroom and between peers and that there are
generally several possible alternatives for
resolving a conflict.

Each bears a

consequence.
3.

To practice using super-procedures to combine
text and graphics.

4.

To practice using If-Then statements to create
the branches of their program.

5.

To develop metacognitive and problem-solving
skills as they discuss the problems,

develop

and plan and program.

Implementation:

Students will go through the process suggested in
writing mini-unit 2
story.

in order to plan the text for the

A planner for the text should be created.

One

might suggest creating a story for a younger child as a
nice way to share social expertise as well as
programming experiences.

After text

is developed

students should divide the text into pages (or frames).
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After defining the problem using Nutshelling and The
Knower,

students should create a storyboard using the

strategies Whole-to-Parts,

The Sequencer and Frame-It

to determine which illustrations will be needed and
where.

Then a planner should be made for the graphics.

This planner might include mini-planners that help the
student plan and focus on a particular frame.
A third planner should be used that focuses on the
super-procedures that control which text goes with each
frome and how the frames fit together.

Special

attention should be paid to the different
adventure-style format branches of the story.
chart should be made using Frame It.
Talking to my Shadow,

A flow

In-process or

Paired-Problem Solving and

Checklist will be helpful in keeping the flow of the
program under control.

Using Friends and

End-of-Process students should share and discuss their
stories with each other.
could be placed in the

A collection of these stories

library and publicised to the

school for future work in resolving conflicts between
peers.
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Project

3:

Authorship-Creating books

for beginning

readers

Purpose:
Following a similar process as p>roject 2,
will

create

stories suitable

students

for beginning readers.

Goals:
1.

Students will practice combining Logo text
graphics.

2.

Students will develop writing and graphics
skills in terms of writing a story for a
specific audience.

and

Implementation:
Using writing mini-units #2 and 4 as aids to
compose

their

story,

stories using the
chosen age

They will plan text

in the

Students might
falling

appropriate Dolch word

group.

illustrations

students will write children's

choose

2.

to add animation such as an apple
figures moving,

as Project

2

etc.

Similar

should be employed and 3

planners created —

one

one

flow of text and graphics.

to control

the

for their

and

same manner as Project

from a tree,

strategies

list

for text,
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one

for

graphics and

When the
will be

younger

invited to read the books and share

responses
A

stories are complete,

to the

to

their

stories through a discussion format.

library of these

available

students

"computer-stories”

students of appropriate
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can be made
grade

levels.

Unit VI

TEACHING WRITING THROUGH

PRORT.km solving with tacttns

DESCRIPTION:
Application of the Polya Model and Heuristics are
described.
Goals emphasize the writing process and
thinking.
A sample writing reference manual named
Polishing Stone is suggested and some curriculum
examples are given.

SUBJECT:
Writing

ACADEMIC SKILLS:
Writing and writing

in content

areas.

CRITICAL THINKING SKILLS:
Defining, Analyzing, Planning,
Synthesising, Self-monitoring,

Questioning,
and Revising

HEURISTICS EMPHASIZED:
The Knower, Nutshelling. Brainstorming, The
Questioner, Paired-Problem Solving, Talking to My
Shadow, Whole to Parts, Frame It, The Sequencer,
In-process, Checklist, Sources, Bug the Bugs
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Overview

In this unit we will demonstrate how TACTICS can
be used to develop thinking/problem solving and writing
skills.

The

role of problem solving

discussed as will
used

in writing will be

the application of the

in the TACTICS

framework.

We provide a prototype

of a student writing and editing manual,
Stone",

as

four tools

a means of aiding students

"The Polishing

in practicing the

eight TACTICS elements that promote critical thinking
skills and their generalization.
mini-units

are

Examples of writing

given that demonstrate use of the

TACTICS framework and stress specific heuristics
repeatedly.
Writers

in the

field of education draw parallels

between the writing process and problem solving.
point
of

out

that many writers have

thinking

can result

a

limited repertoire

skills that they use when they write.

"Writer's block"

writing,

his or her
do

not

goal.

in their

result.

actually thinking

By applying a problem solving
the writer

ideas

is often the

Many writing problems are
problems.

This

in frustration from searching endlessly for

a word when they should be refining the
paragraph.

They

strategy to

is given many pathways to achieve

Writers often get blocked when they

approach the

task as a problem to be
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solved.

Flowers & Hayes,
writing,

leaders

in the

suggest teaching problem solving strategies to

writers

in their article

"Problem Solving Strategies

and the Writing Process."
suggest

field of teaching

are

Some of the heuristics they

similar to those

in the Heuristic Bank

in

this unit.
Recent
importance
the

research
of giving

literature points to the
students tools

process of writing.

writers are

often overcome by the burden of too many

steps,

of composing at

By breaking the process

writers can better
a time.

of

these

process.

Teachers

wish to emphasize

Frame

It

revise,

and

from teacher modeling

in relationship to the writing
should choose which heuristics they

during the

students develop skills
Nutshelling.

focus on one aspect

refine writing,

Students will benefit

techniques

into

The Heuristic Bank offers

tools to clarify thinking,
proofread.

stages of

Researchers found that poor

simultaneous constraints.
stages or

in the

The

school year and help

in using them.

Knower,

Whole to Parts,

(creating a flow chart or

Paired-Problem Solving

Sources,

idea web),

(to clarify thinking),

coupled

with The Questioner are easy strategies to begin the
year with
be used by

(A

similar version of The

students

comprehension).

in the

Students'

Knower may already

KWL Approach for reading
application of these
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tools

will

increase

if teachers frequently discuss how they

can be used and ask students which tools
employed during a given day.

they've

Spotlight a specific

strategy each week.

Goals

Goal One

Students will

see writing as a problem solving process.

Goal Two
Students will see that clear thinking helps make
writing easier, and that metacognition is crucial
realizing this goal.

in

Goal Three
Students will use

the Polya Model as a writing tool.

Goal

Four

Students will actively use heuristics and other TACTICS
tools to help them in the writing process.

Goal
Students will
in the

context

Five

develop stronger critical

thinking skills

of writing.

Goal

Six

Students will see the relationship between problem
solving in life, in Logo and with simulations to
problem solving

in writing.
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The Polya Model

Use
goals.

and Writing

of the Polya Model can help us meet
Note

these

the parallels between problem solving when

using Logo and when writing.

POLYA

1.

Define

IN

LOGO

POLYA IN WRITING

the problem.

1.

Define

the

topic.
(In both disciplines use the heuristics listed in the
Heuristic Bank:
The Knower, Nutshelling, Frame It,
Whole-to-Parts, etc.)
2.

Make

a plan.

2.

Make

a plan.

(In both disciplines use the following heuristics:
Brainstorming, Whole-to-parts, Checklist, Start Again,
Bug the Bugs, Frame It, Paired Problem Solving,
Sequencer, Talking to My Shadow, The Questioner, etc.)
3.

Try the plan.

3.

Try the plan by
writing a
draft.

(In both disciplines use the same techniques as in
number 2 and Bug the Bugs, Checklist, Sources, Friends,
In-Process and use of the writing reference manual.

Polishing Stone)
4.

Solve the problem and
review.

4.

Solve the problem
(finish the
draft) and review
and revise.

(In both disciplines use End-of-process technique.
Checklist, Friends, Bug the Bugs, Sources and The.
Polishing

Stone,

etc.)
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Students need to know the
problem,

self-questioning,

breaking a topic
and revising.
Logo

synthesizing the parts,

is also true when programming

or using simulations.

solid habits

organizing one's thoughts,

into parts,

This

importance of defining a

in

We are exposing students to

in thinking which

leads to better problem

solving.
Active
children.

thinking
We

in Logo comes naturally to many

can help them transfer this habit to

writing by providing specific tools.
with the

following techniques

(See Heuristic

Acquaint

students

in relation to writing.

Bank for descriptions of these

and other

techniques.)

The Knower
Whole-to-Parts
Nutshelling
Start Again (retracing one's steps)
Using a Planner
Sequencer
Bug the Bugs
The Questioner
Talking to My Shadow
Frame It
Sources
Paired-Problem Solving
In-process
End-of-process
Friends
When assigning a topic,
Model
aids.

as a general

incorporate

approach and the

the Polya

above heuristics as

Help students develop a general writing

reference manual

to be

refined on an ongoing basis.
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In

this handbook we
reference manual.

include a skeleton for a writing
Polishing

The

general

framework of this specific manual was generated by
students with the
cases,

teacher serving as editor and

as writer.

for writing,

It contains a heuristic bank geared

description of the Polya Model

application and use of specific heuristics,
suggestions

for use of other writing tools.

writing mini—units
use

the

Polya Model

in some

in terms of
and
The

in this unitgive examples of ways to
and heuristics when writing.
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Evaluation Tool

At the end of each mini-unit an evaluation tool
can be used to help student and teacher view progress
regarding problem solving skills and writing skills.
The following questions would provide pertinent
information.

1.

What heuristics did you use?

Why did you choose

these?

2.

Which ones were helpful?
helpful?

Why?

Which ones were not

Why?

3.

What would you do differently next time?

4.

What did you learn?

5.

What new aspect did you learn about the writing
process?

6.

What new aspect did you learn about problem
solving?

7.

Is there

information that is new to you that you

would like to share with a friend?
it?
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If so, what is

Mini-Unit.

1

Polishing SfrOn*
K. Student/Teacher-made Editing Manual
Introduction
otudents and their teacher will create a
mini-reference manual that will aid them in the writing
process.

A student generated manual will mean more to

the student than a published manual.

When completed,

this manual can be shared with peers in other classes.
Future classes may change and add to the manuals
created by students in past years.

Goals

1.

Students will discover that a good writing manual
is a valuable composing tool.

2.

Students will determine what "tools" can be useful
in the writing process and include them in their
manual.

3.

Students will successfully use their writing manual
as a means of avoiding or overcoming writers'
block, and to improve their writing through using
the included checklists and strategies.

Implementation

We

include here a sample skeleton of a

Stone Writing Reference Manual."
sections:
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Polishing

There are four main

The Process Apprnsoh
A description of the TACTICS Approach and the Polya
Model
Heuristic Bank
A description of general heuristics that can be
helpful in the writing process (and in other
subject matter).
Author1s Tools
A storehouse of writing tools that can expedite the
writing process:
Creating Planners
List of Helpful Questions to Ask
Author's Checklist
Story Checker
My friend,the English Language
Spelling Bug Checker
My Own Thesaurus
List of Common Bugs

Knowing Thyself
Journal entries about the writing experience,
on what helps them, etc.

If the

hints

included mini-reference manual is used,

encourage students to create their own sections.

The

following sequence might be followed when creating a
student-generated reference manual.

Suggested

heuristics are given in parenthesis.

1.

Ask students what is helpful to them when they
write. (Brainstorming, Frame It)
Brainstorm and write ideas on a chart.
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um

For homework, have them ask three other students
and three adults these same questions and record
their answers.

3.

If possible, have students Interview authors
about this question.
Also have them ask the
authors if it is easy for them to write, if they
are ever frustrated, feel like stopping, etc.
(Sources, Friends, Assistants) A source of writers
for interviewing might be
local news reporters, members of a local writing
guild, university professors who have written
textbooks or articles (ask a university librarian
for names), and authors of children's books (ask a
librarian for help).
Telephone interviews or a
class visit by a writer can be powerful
experiences for children.

4.

Brainstorm a list of sections they'd like to
include in their mini-manual.
Ask what would be
helpful information or reminders to have as they
write.
Create a planner for this project.
Use
Nutshelling to define the problem.

5.

Decide on the important points to cover.
Divide
students into small work groups, each writing^
section.(The Sequencer, Whole-To-Parts,
Checklist)

6.

Critique and revise manual together while
undergoing the process of creating the manual.
Process, End-of-Process)

7.

(In

During the process of creating the manual, use the
opportunity to focus on specific technical writing

skills.
8.

At

the

become

9.

end,

to

the

students that they hava

"authors.1'

Distribute
copies

note

the

in the

manual to other classes and place
school

library.
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P°LI SH X NO
STUDENT

STONE

WRITINO
REFERENCE
MANUAL

NAME
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SUMMARY OF THE WRITING PROCESS AND POLYA MODEL
1.

Define

tonic.

2.

Make

3.

Use helpful

4-

Ir.y.the

5.

Conference with peers or teachers for

6.

Rewrite or edit draft.
(Do numbers 2 through 5
again until draft feels complete.)

7.

Use Polishing Stone Reference Manual and your own
checklist in your journal.

8-

Solve and Review.
Record in your journal what's
been learned when writing your current piece.
Examples of questions to answer:

a plan.
strategies.

plan by creating first draft.
feedback.

What was easy?
What was hard?
What made writing easier?
What heuristics were tried?
Which heuristics were helpful?
How would I organize my thoughts differently
were to write this piece again?
Other comments:
9.

Share

final

copy with friends.

10.

Bind and distribute your

389

"published”

work.

if

I

THE POLYA MODEL AND SUGGESTED HEURISTICS
Polya steps

1.

Steps used when
writing

Define the problem
(topic)

1.

Define the
topic.

Choose helpful heuristics from the Heuristic Bank.
Some ideas are: The Knower, Nutshelling, Frame It,
Whole-to-parts, etc.

2. Make a plan.

2.

Make a plan.

Choose helpful heuristics from the Heuristic Bank.
Some ideas are Whole to Parts, Checklist, Talking to my
Shadow, Brainstorming, Start Again, Bug the Bugs, Frame
It, Paired-problem Solving, Sequencer, The Questioner,
etc.

3.

3.

Trv the Plan„
(by writing a draft)
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Try the plan
by writing a
draft.

4 . Solve—the problem end
review.

4. Solve the
Problem
(Finish the draft and revise )
(finish the
draft) and
review and
revise.

Try using End-of-process, Checklist, Friends, Journal
Notes, Bug the Bugs, use of Polishing Stone, etc.
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CREATING PLANNERS

Fill
create

in The

following Polya Model Planner or

a planner after asking yourself these questions

What

is most

important about my topic?

What points do

I want to

What questions do
How should I
Who

I want to answer?

order the parts?

is my reader?

What

type

What

shall

Other

include?

of
I

style
do

shall use?

first,

second,

suggestions:
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third?

POLYA MODEL PLANNER

Refer to recommended strategies on the page
Polya Model

"The

and Suggested Heuristics".

Polya steps

Steps used when

writing
1.

Define

(Determine

2.

Make

the problem.

the

1.

Define
topic.

scope of your topic and

a plan.

its

Make

the

focus)

a plan.

(Make a list of questions to answer.
Break the
into parts and put the parts into order.)
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topic

3.

Try the plan.

3.

Try the plan by
writing a draft.

(Remember to pause mid-way when writing and reconsider
the direction you are taking while reflecting on your
goals.
Use In-Process and other helpful heuristics.

4.

Solve the
review.

problem and

4.

Solve the problem
(finish the
draft) and review
and revise.

(Stop and review the steps you took, and check for
clarity and errors.
Share your writing with a friend
and refer to a checklist of important points to cover
or as a reminder of corrections to be made.)
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AUTHOR'S
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TOOLS

heuristic

bank

HELPFUL HEURISTICS
NUTSHELLING
Define the problem in three different ways,
as few words as possible.

using

WHOLE TO PARTS
Break the problem into parts,
parts together again.

and then put the

BRAINSTORMING
Generate a
them.
Use
plan.

list of ideas without evaluating any of
this list as a springboard to make a

TALKING TO MY SHADOW
Talk outloud to myself and listen to what I am
saying.
Review the steps I took or the plan I
just made.
Gather new ideas and see mistakes by
listening to my ideas.
Take notes on my
ideas.
THE QUESTIONER
What questions can I ask myself that will help me
think better.
(See the list of questions in my
manual. )
CHECKLIST
Make a checklist of important points to cover or
possible changes that need to be made.
BUG THE BUGS
Create a list of common mistakes I make and place
it in my journal or in the " Polishing Stone
manual.
Look at my list of bugs and check my
work.
Have I overlooked a common bug?
Look tor
one

bug at

a time
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JOURNAL NOTES
Look in my journal for ideae,
information. Take new notes.

tricks and

SO WHAT'S NEW?
Think about what is different about this problem.
What problems have I solved that are similar?
In what way?
How can this help me solve my
problem?
FRAME

IT!
Make a picture, chart, flow chart, web of ideas,
or doodle that will help me think more clearly
about my problem.

THE SEQUENCER
Rethink the order of the steps I plan to take.
Think about putting parts in a different order.
START AGAIN
Look back at the steps I have taken?
Did I turn
down the wrong road?
What did I learn? Begin
again if I feel confused.
SOURCES
What books are in the room that can help me?
Have
I looked in my reference manual?
What other media
can help me (video, computer programs) and which
people?
USE ONE OF THE HELPING HANDS TECHNIQUES
Look

in my reference manual

friends can help me.
OTHER HEURISTICS:
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for

ideas of ways my

HELPING HANDS HEURISTICS
THE KNOWER
Ask a
1.
2.
3.

friend to ask me the

What do
What do
What do

I
I
I

following questions:

know about this problem (topic)?
think I know about this problem (topic)?
need to know about this problem (topic)?

Then use whatever resources I have to find out the
missing links that will help me solve the problem.
IN-PROCESS THINKING

these

While I work,
questions:

occasionally ask a friend to ask me

1.
2.
3.
4.

What's my plan?
What have I done so far?
What do I want to do next?
What bugs am I having problems with?

TRIOS
Ask two friends to work with me.
We will take
turns being the writer, debugger, and advisor.
PAIRED-PROBLEM SOLVING
Ask a friend to listen while I think out loud and
try to solve the problem.
Ask my friend to ask me
questions if I sound unclear or she/he doesn't
understand me.
I can request specific questions
that can help me think better as I reflect on the
questions and state the answers aloud.
CLUE-GIVING
Ask one of the clue-givers in the class to give me
a clue that will help me clarify my writing and
thinking.
FRIENDS
Ask neighboring students if they have any ideas?
Have they solved a similar problem?
Remember, I
don't want a solution to my problem, just help.
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ASSISTANTS
Ask assistants who are able to help with a
specific skill for aid.
SHOWCASE OF

IDEAS

Look on the bulletin board or Showcase of
for ideas, clues, similar problems, etc.
OTHER WAYS FRIENDS CAN HELP ME:
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Ideas,

LIST OF QUESTIONS

1.

THE KNOWER
A.
B.
C.
D.

2.

What do I know?
What do I think I know?
What do I need to know?
How can I find this out?

REVIEWER
A.
B.
C.
D.

4.

in End-of-Process)

What did I do?
Why?
Did it work?
Why?
What did I mean to do?
plan?
What did I discover?

E.
3.

(used

Why?

What was my

BUGS

(mistakes)

A.
B.
C.
D.

What bugs could there be?
Have I looked for the common bugs?
Have I looked for one bug at a time?
Have I looked on a list of common bugs?

WHOLE TO PARTS

C.
D.
E.

Did I overlook a part?
Can I put the parts together differently?
Better?
Did I make too many parts?
Am I missing a part?
Can I make a better sequence?

5.

Am I

confused?

6.

If

started again,

A.
B.

I

What would
7.

Did

I

I

Why?
what would

I

do this time?

leave out?

find any unexpected results? What happened?

Why?
8.

How can I structure this procedure differently?
What could I change in this procedure to make it
work better?

9.

What heuristics did

10.

Is

there

I

use?

a better way

I
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Did they help.

How;

can organise my thoughts,

POLISHING STONE:

AUTHORS'

CHECKLIST

Check for:
Interest

Is the piece interesting?
What parts could use a perk?
What parts are strong?
Who would enjoy this piece?
What would make this piece more
interesting?

Audience

Will my audience understand the story?
Will my audience be interested in the
story?
Can a reader guess who the author has
intended the audience to be?
Gather comments from someone in your
intended audience.

Sequence

Is there a logical sequence?
How might the sequence be changed?
If I changed the order, would it be more
clear or interesting?

Repetition

Is there

Claritv

Is the piece confusing?

Engl

1

too much or not enough?

eh Language Use "My friend, the English
Language", to check for mistakes in
grammar. Look at the title of each
mini-section, and check off the points
I've looked for in my piece.

Spelling

Are

there any misspelled words?
Are there any I am unsure about?
Have I referred to the Spelling Bug
Checker

stnrv Clarity Have

I

for help?

used the
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Story Checker?

STORY CHECKER

When writing a story use
guide.

the

following questions as a

Parts of a St.nrv
Is there a beginning?
Is there a middle?
Is there a peak?
Is there an end?
Have I tried alternative beginnings, middles,
endings before I've decided on my final one?

peaks,

or

Characters
Are they clear?
Are they interesting?
Do they have names?
Are they set in a particular time?
Are they described well?
Other points to check are:

Setting
What year is it?
What historical period,
contemporary?
Is the setting described clearly?
What season is it?
What details can you add?

or

is

it

Make a similar chart to the one below to help with my
planning and revision.
Fill in details for my story.
WHO

WHAT

WHEN

HOW_WHY_BEG. IE_PEAK_EED
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FRIEND, THE

til

The
want

to

ENGLISH LANGUAGE

following are examples of fact
include

sheets you might

in this part of your manual.

wish to paraphrase

You may

grammar rules from your English

Books or copy pages of textbooks that provide helpful
information.

PUNCTUATION

CAPITAL LETTERS
Use

a capital

letter

if:

-

it's the beginning of a sentence

-

it's a proper noun,

-

it's the

-

it's an initial in someone's name,
period following

-

titles
Smith)

-

they are main words in a title of a book, poem,
report, song, story, TV show, and film.
Do not
capitalize short words in titles like: a, an,
the, or, and, but, from, to, with, of, at, by,
for, or in, unless they are the first or last
word

pronoun

that

in the

adjective

"I”

(James M.

are used to

title.
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Brown)

introduce

with a

a name

(Mr.

PERIODS
Use

a period:
at the completion of a declarative or
sentence
-

after an abbreviation

-

after an

imperative

initial

QUESTION MARKS
Use

a question mark:
-

at the end of a sentence that asks a
question

-

after a single word that asks a question
like:
Why?
Who?
Where?
When?

EXCLAMATION MARKS:
Use

an exclamation mark:
-

at the end of a sentence that
strong emotion or feeling

-

after

single words

like:

shows

Look!

Stop!

Listen!

QUOTATION MARKS:
Use

quotation marks:
-to enclose words that someone has said (if it
a sentence, put the period, question mark or
exclamation mark inside the quote)

is

COMMAS:.
Use

commas:
-

to set apart words in a series,
more than two things.)
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(A series

is

to

set off the name

of someone being spoken to

to separate the name of a city from the
a state or country where it is located
-

to

separate

-

to separate a quote
“cried", etc.

-

after the words “yes"
used as a comment

-

after the greeting of an informal
the close:
Dear ___,

name

the day of the month from the year
from words

or

like

"said,"

"no," when they are

letter or at
Sincerely,

APOSTROPHE;
Use:
- with a contraction
-

to

like

show possession:
dog's bark
parents' wishes

More helpful

of

information:
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"do not"

=

"don't"

SPELLING BUG CHECKER

I will write below any hints that will help me

spell

better.

I

will write below the words that

I

often misspell.

MY OWN THESAURUS

I will write below words that I use too often.
write words next to them that I can use

WORD

I will

instead.

REPLACEMENT WORD

Example:

say

state,
whine
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exclaim, wish,

LIST OF COMMON BUGS
I will write below common mistakes that
that

I

can correct

them.
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I

make

and ways

knowing

thyself

WHITING

JOURNAL
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Mini-uni t.

Approaching a Topir Using TAHTTf.S

Introduction

In this mini-unit two examples of using the
TACTICS approach are
planning process,
first

topic,

second topic

Students are

and heuristics are

a dream,

guided

suggested.

in the
The

focuses on using a planner.

The

is about Bigfoot and focuses on how

strategies can be
experience.

given.

It

adventure-style

employed

in a group writing

also demonstrates how a branching
format

story can be created using the

TACTICS model.

Goals

1.

Students will use the Polya Model and selected
heuristics as thinking tools when writing.

2.

Students will use

and develop planners as

writing tools.
Implementation

The
grade

following two examples were used

in a sixth

classroom and demonstrate how the TACTICS

approach works with planners or heuristics when
writing.
Topic On*:

A Dream
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Introduction:

All
about

students

a dream.

in the

school were

asked to write

Students discussed and filled out the

following planner before writing.

They also used the

following heuristics:

The Questioner,

Brainstorming,

Knower,

Whole—to—Parts,

Problem Solving,
In-process,

The

Bugs the Bug,

End of Process,

The

Sequencer,

Paired

and Checklist,

etc.

the Whole—to-Parts heuristic were

The Polya Model
introduced

and

in terms

of writing before they began.

Goals:
1.

Students will use the Polya Model and selected
heuristics as thinking tools as they write.

2.

Students will define a topic about a dream and
use a planner as they write.

Implementation:
The

following planner was used:
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DREAM PLANNER

Name _
Teacher

MY DREAM

When you write,
use

some

of the

you are

solving a problem,

steps we used

in Logo,

Let' s

when we write.

I, DEFINE YOUR PRQBT.EM

1.

Gather ideas and check what you know about your
topic.
(Brainstorming) Ask yourself these
questions (The Questioner):
A.

What

does the word dream mean to me?

B.

What types of dreams do I know of?
(Some
examples are good dreams, nightmares, wishes for
the future.) Is there anything more I need to
know about this topic? (You might want to look
up the definition of dream in the dictionary.)

C.

What images (pictures)
about the word dream?
images.
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come to mind when I think
Make a list of at least 5

NOW START TO DEFINE YOUR PROBLEM OR TOPIC FURTHER
2.

Choose an image or idea and make a list of all
words that come to mind when you think of this
idea.

3.

Circle the words or ideas that you might want to
use in your story.
Precisely define your topic
(Nutshe1ling) and use The Knower to focus your
thoughts.
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II.

MAKE A PT.AN

BREAK YOUR PROBLEM INTO PARTS
4.

How do you want to sequence your ideas?
Place a
number next to each word or idea. (The Sequencer)

5. Ask yourself some more questions. Who is your
audience? Who will your readers be?
What do you
want them to know? (The Questioner, Talking to My
Shadow)

6. How
the
you
you

do you want to begin your paragraph?
What is
main idea?
Write three possible sentences that
might use for your beginning.
Circle the one
like the best.

7. What are the main points you want to make in your
paper?
Write down some ideas and number them in
the order you want them to appear in your paper.
(The

Sequencer)
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OTHER STEPS
8. How do you want your paper to end?
least two ideas.

9. Write

down any other

Write

ideas that come

down at

to mind.

10. Make a Checklist of points to cover.
Put the parts
together and see how they fit together. (Whole to
Parts)

11. Discuss your ideas for your paper with a
friend.(Friends, Paired-Problem Solving)
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III. TRY YQUR PLAN

Start writing your paper.
Sequencer,

In-Process,

help organise
done

Use

Frame

"Bugs"

The

Sources and The Questioner

and clarify your writing.

check for

It,

to

When you are

in:

-Clarity (Do my ideas make sense?
&ny important information?
Will
understand who the pronouns (he,
they) refer to?

Have I left out
the reader
she, it, you,

-Sequence
-Strong opening or topic

senctence

-Good ending
-Spelling
-Punctuation
-Other bugs to check for:

IV.
Ask a
questions

SOLVE AND REVIEW

friend to

read your paper and answer the

that you choose

Author's Tools
appropriate

from Author's Checklist or

in The Polishing Stone Manual.

changes.

own writing process

Spend some

(End of Process,

By using this planner,
The

Polya Model

reviewing your

Journal Notes).

students practiced using

and specific heuristics.

then prepared to participate more
other planners

time

for

future

Make

topics.
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actively

They were
in creating

Topic 2: Bigfoot

Introduction:
Students

focused on the use of strategies and the

planning process when composing.
discussed stories about Bigfoot,
a branching adventure

the

We used

software program Storv Tree

capacity to create branching stories.

used the The Polya Model
approach to writing the
the

then planned to write

format story as a group.

a word processor and the
which has

They read and

as a structure
story.

Then,

We

to plan our

we went through

following planning and writing process described

below.

Goals:
1.

Students will apply strategies when writing and see
their effectiveness.

2.

Students will

create

a group story.

Implementation:

1.

We discussed authorship, the publishing process.*
the art of writing books, essential parts of a
story, the definition of a branching story, etc.

2.

The students worked in pairs, using The
talked about using the Polva Model and
heuristics to help US.

3.

We talked about
following

WHAT

WHEN

We

the Parts In a storv 'vnd used t-he

story-focus chart used Frame-It and

Brainstorming
WHO

Knowsr-

heuristics.
WHERE

HOW
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WHX

4.

We broke

into

small groups.
Students were asked to
discuss questions that would help
them focus.
We defined some of these questions in
a group discussion using Brainstorming, The
Questioner and The Sequencer.
We decided on a
beginning for the branching story and then students
reflected on how they might like to finish it.
Students formulated their story ideas, created
Planners and wrote their first drafts.

formulate and

5.

We printed out the first draft of students' stories
and read them aloud, not giving the names of the
writers.
We talked about what we liked and what
was unclear.
We looked for wavs the storv did not
meet the plan and decided if that was alright. We
used Sources by referring to The Polishing Stone,
especially the Story Checker and Author's
Checklist.

6.

We found that some of the stories were quite
similar and students volunteered to combine similar
stories.
At this point it became even more of a
group project.
We created a chart to see how the
story might branch depending on the reader/player's
choices.
We put the branching path into the
computer using Story Tree and printed out the hard
copy and
passed out a copy to each student.
We
read them individually.
We talked about what
points were important in editing and made .a
checklist.
Each student worked on editing as many
stories as s/he could, looking for points we
discussed earlier. We then discussed them as a
group.

7.

Gathering different edited versions of a branch of
a story, students volunteered to work on a
particular (branch of a) story and revise, it.
They
used Paired-Problem Solving, The Sequencer, and
Checklist

as aids when editing.

8. Students handed us their revised version and we
printed out hard copy and passed out a copy to each
student.
9. We discussed the role of an editor in a book
company and what the editor looks for.
®
list and reviewed the printouts individually.

10.

We discussed our work.
Active
anH mentioning were important
process.
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e

a

thinking, analysing
features of this

11.

Students volunteered to be chief editors and do1lah
illfi—final copies- I checked over their work. They
used Sources by using Polishing Stone for final
editing.
Author s Checklist was a help.

12.

We read the stories as a group and students chose
Barts of the story to illustrate.

13.

The finished parts were compiled and a published
book was the final product.
This was bound and put
in the library.
We discussed the product, the
heuristics we used,_and the process. Using the
End-Qf-Process was helpful.
Students discussed
what heuristics were most helpful and why.
Then
they made tentative plans for
approaching a
similar project next time.

This
thinking,

group

planning,

representing
writing.

lesson resulted

in active editing,

questioning,

ideas with pictures,

Students were

actively

writing,

revising and

discussion and
involved

in the

writing process and unusually enthusiastic.
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in

Mini-Unit, 3

VOYAGE OF THE MTMT

Introduction
'^ie

q£ the Miml

(video,

book and eoftware)

Includes many episodes and covers a wide

range of

topics about whales,

social

dynamics,

etc.

of how the

weather,

The

the ocean,

following sequence

Polya Model,

planners,

used when writing about

is one example

and heuristics can be

the Voyage of the Mi mi .

Goals
Students will use
format

the Polya Model

in a planner

and choose heuristics to aid them in the writing

process.

Implementation
Students will

select

and apply appropriate

strategies.

1.

Students view the
Mimi

first

few video episodes of the

in class.

2.

The

3.

Class brainstorms topics.
Some of the topics were:
the captain, the crew, electrical problems, sea
legs and seasickness, the first whale sighting,
migration of whales, lives of whales, habitat,
whale identification, chores on ship, the deaf girl
and

4.

class talks about writing about

the

captain,

Students divide

the Mimi-

etc.
into Pai Efi and chnrmf?
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a topic -

5.

Each group brainstorms about the

6.

Each group uses The

7.

Students review the Polya Mods!
helpful heuristics.

8.

Students make a list of the topic and the
sub-topics, using the Whole-to-parts technique.

9.

Students decide whether to write fiction or
non-fiction and begin to define their topic and
gather ideas.

10.

Students who are writing fiction use the WHO, WHAT,
WHERE, WHEN, HOW, WHY Chart as a Frame-It technique
and The Knower technique.

11.

Students who are writing non-fiction use The Knower
technique again and sequence their ideas, making a
plan for getting information.

12.

Students develop a planner for their topic.
(Examples follow.)
They use Paired Problem Solving
to clarify their thinking. Nutshelling to define
their topic and the parts of their story, and
Sequencer and the Story Checker and Author's
Checklist in their reference manual (Sources) to
give ideas on improving their work.
(See examples
at the end of this unit.)

13.

Students write, revise, share their work, revise
again, use checklists, use debugging techniques,
list of question in their reference manual, and
review their plans.
Strategies listed in number
are

14.

topic.

Knowsr technique.
and talk about

12

also useful.

Students finish their work, use friends to help
them edit and print out a final copy.
During this
process, they use Bug the Bugs to revise, referring
to the Reference Manual for the Author s Checklist,
Story Checker and My Friend, The English Language,
and other helpful sections.
They evaluate the
planners they created and review the process of
writing this piece, asking themselves what they
learned. Several examples of planners follow that
students used when writing about their Mimi-related
topic.
Some planners were created by a group with
a teacher, others by a particular student.
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STUDENT PLANNER ON THE CAPTAIN
(Created by a group of students with a teacher)

DEFINE THE PROBLEM.

1. Use The Knower and the WHO, WHAT, WHEN, etc.
chart and take notes.
Define the problem using
Nutshelling.

2. Describe

Who

the

captain of the Mimi.

is the captain?

What

does he

do?

What

does he

look

What

kind of person

Give

examples of these points.

like?

is he?

MAKE A PLAN..
3.

What event do we want

4.

if we were

5.

List

the

there,

to describe?

what would we

ideas we want to cover.
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do?

6.

Circle the most important ideas.
Start with the
main idea.
Sequence the ideas according to the
story.

Describe what will happen first,
etc.

second,

third,

TRY THE PLAN.

8. Write

the

first draft.

9. Use In-process, Talking to my Shadow, Story
Checker and other Author's Tools in the Reference
Manual.

SOLVE ..IT AMD REVIEW

10. Use Checklist,
Journal Notes.

End of Process,
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Friends,

and

SETTING SAIL STUDENT PLANNER
(Written by a student)

DEFINE THE PROBLEM.
1-

Use The Knower, and Nutshelling techniques and the
WHO, WHAT, WHEN, Chart.

2. Think about these points:
a.
b.
c.
d.
e.

The way we set sail
Type of boat
What we are doing
Where?
What happens?

MAKE A PLAN.
3.

Use The Questioner.
a.
b.
c.
d.
e.
f.
g.
h.

Think about the•sighting:

What did the whale look
What did we feel?
How far was the whale?
Did it dive?
How many whales?
Size?
Type?
What did it eat?

4.

How did we

5.

Make

a

like?

identify the whale?

list of what we want to happen

using The

in the

story

Sequencer.

TRY THE PLAN.

6.

Write and revise the first draft.
Use In-process,
Checklist, Talking to my Shadow, and Sequencer.

REV TRW THE FI NAT, DRAFT AND PROCESS^
7

Use
the

Story Checker,
story better.

Friends, and Checklist to make
Use End-of-Process when done.
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FACTS ABOUT WHALES STUDENT PLANNER
(Written by a student)

DEFINE THE PROBLEM.
1.
2.
3.

Write about whales.
Use The Knower technique.
Decide how to get the facts we need.

MAKE A PLAN.
4.

Choose what points

5.

Take notes about these points:
Where
Distance
How many whales
How big
Identification
Habit of diving
Eating Habits
Where the whale is from
Age
Why it's a mammal
Migration

6.

Write

them

I want to cover.(Whole

in order using The

to Parts)

Sequencer or Frame

It.
TRY THE PLAN.
7.

Write and revise the first draft.
Story Checker and In Process.

Use Checklist,

FINISH PAPER AND REVIEW.

8.

Go over my paper by myself and with a friend.

9.

Use

Friends,

Checklist

and End-of-Process.
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Mini-Unit-.

Round-Robin

4

Storv Writing

Introduction
Students generate
by each writing a part.
a resource

ideas and create

a group story

The Heuristic Bank

is used as

during the planning and editing process.

Planners are created.

Goals

1.

Students will improve their writing through
consciously using heuristics and Planners.

2.

Students improve their writing skills through using
a group composing and editing process.

Implementation
1.

Generate story ideas on the board by creating a
chart.
This chart should include columns for
characters, time, setting, event, peak, theme, etc.
(Frame-It Heuristic).

2.

At the end of this session, tie some of the
together into several plot possibilities.

3.

Create

4.

Begin Round Robin writing activity.
Have each
student go to a computer and start typing in .a
storv.
After fifteen minutes, have each student
advance to the next computer.
Each begins typing,
extending the previous entry.
Keep repeating this
process through the next two classes.

5.

At some point, require the students to check that
there is a "who-what-when-where-how-why" feature

a group planner

included.
6.

ideas

(Whole-to-Parts heuristic).

(Checklist and Frame

End this process with the
"their machine."
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It

original

)
author

at

7•

Fr int—out—copies

for the class.

8.

Begin the editing focus by asking them to use the
Story Checker as a tool for checking story cohesion
(In-Process heuristic).

9.

Then use the Polishing Stone as an editing tool
edit and play with details (Sources heuristic).

10.

Print out hard copy and do
stories.

11.

Read aloud the end results to the group, comparing
the different versions of the story (End-of-Process
heuristic).

to

small group edits of the

Planning For The Next

Storv

1.

Have students create or use a Planner using The
Polya Model for their next story.

2.

Choose which of the following strategies will help
them:
The Knower, Nutshelling, In-process, Paired
Problem Solving, and Talk to My Shadow.

3.

Stress that the reader (audience) must be able to
understand what the author writes.
(This should
help with the vague use of pronouns, as well as the
lack of connecting sentences.)

4.

Ask students to share their work and ask for
suggestions, or help as needed.
Suggest using
End-of-Process, Paired Problem Solving and their
Reference Manual, including the Story Checker.

5.

Print out hard copy and have the students take home
their work for editing and completion.

6.

Finish stories in class.
By now the spirit of
r-nnperatlon should have grown, and the students
will be helping each other over the rough spots.

7.

Encourage

students to

with another

8

If

process

friend.

appropriate,

by creating a

share the editing

help them structure

list

of

this dialogue

relent- questions.

Questioner)
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(The

9.

Use the Polishing Stone Reference Manual
double-checking (Sources heuristic).

10.

Print out hard copy when completed.

- Compile a book

for

of the class's writing.

12.

Have each child also create his/her own book.

13.

Have a formal oral presentation of the
stories at the end.
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students'

Mini-Unit 5

Research and Writing Reports

Introduction
Each teacher has his/her own way of teaching
report writing and research.
in this unit

demonstrate ways of

TACTICS approach and can be
approaches

The

to

strategies suggested
incorporating the

fused with many different

teaching research skills.

Goals
Students will consciously employ The Polya Model
and appropriate heuristics when writing a report.

Implementation

1. DEFINE

THE TQPLO.

Determine the topic by using Nutshelling, The
Knower, Brainstorming, The Questioner, and
Paired Problem Solving as they are helpful.
2. MAKE A PLAN.
create a Planner by first choosing from and using
The Knower, Sequencer, Whole-to-Parts, and Frame It
as tools.
3. TFY THE PLAN..
Eve mite the plan and review by using s°me °r a11 of
the following hueristics:
Talking to My Shadow,
Paired-Problem Solving, The Polishing Stone
Reference Manual, Journal, The Questioner,
Sequencer, and Checklist.
Students should
peer-conference during this process, using a series
of questions generated by the class.
Have students
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work in pairs, one being the reader.
To check
clarity, have the writer ask the reader these types
of questions:
What is my main theme?
Is it clear?
Do I need more details?
Do I have too many details?
What points do I still need to cover?
How is my order?
Is it interesting?
Why?
4.

SOLVE

IT AND REVIEW.

Complete the final draft and refer to checklist to
see if all points are covered.
Use My Friend, the
English Language, Author's Checklist and other
tools in The Polishing Stone for final touches.
Use End of Process and Bug the Bugs.
Record in a
journal relevant notes and reminders of aids when
writing the next report.
Discuss what went well
and what was hard when doing the research and what
would help next time.
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Mini-Unit, fi

Supplement—1LQ—a.. Unit on the United States Constitution
Introduction
In this unit the meaning of a country's

constitution

will be explored through

looking at the

United States Constitution and then through designing a
constitution
designed to

for a

fictitious nation.

supplement

students'

United States Constitution

The mini-unit

formal

in a social

is

study of The
studies class.

Goals
1.

To understand the meaning of the word constitution.

2.

To understand the
constitution.

3.

To understand the uniqueness, and the
weaknesses of our constitution.

Prerequisite

impact of a country's having a

knowledge:

Exposure

strengths and

to the concept of a

country'0 constitution and familiarity with the words
of the United States Constitution.

Implementation
This mini-unit begins by students first exploring
the

purpose,

meaning and development of a country s

constitution,

including that of the United States.

then branches

into writing activities that

impact

of a constitution on people's
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lives.

It

focus on the

Begin by discussing the
constitution.
about

the

Use The

subject.

definition of the word

Knower to

Then ask:

see what

what other

laws governing countries do you know of?
are

they based on?

students know
systems of
What premises

What philosophy?

For homework ask students to use The Questioner to
develop a
Generate

list of questions about the constitution.
further questions with students using The

Questioner.

Examples of questions are

Discuss these

after a

list

are

given below.

generated by students on

the

computer

and distributed.

1.

How was The United States Constitution developed?

2.

Why were certain points

3.

What were

4.

What

included?

the viewpoints of

issues did they have

Problem to be

solved

in small

its creators?

to think about?

group format

Group Process:
Imagine

a new world,

and a time
cultures

in history.

a setting and population

Consider that different

and traditions reflect different basic

philosophies

about

focus thinking.
describe

choose

life.

Ask one

this culture

Adapt use of The Knower to
student

to be

a scribe

and other pertinent
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and

information.

Use Whole

to Parte.

Also discuss the

following

questions:

1*

What problems would they have

2.

How could a constitution help?

3.

If there was no existing constitution,
conflicts might arise?

4.

How might

5.

What criteria would be used?

Create

they be

to

solve?

what

resolved?

a constitution and discuss

context of the culture,

setting,

its contents
and time

the

in the
group has

chosen.

Individual Assignments:
(To

the

student:)

Before beginning to write consider what
might be helpful.

Create or use

based on the Polya Model.
strategies

The

a writing planner

Try using the

following

as needed during the planning process:

Nutshelling,
Parts,

strategies

The

Knower,

Sequencer,

you work use
Degugging One

the

The Questioner,

Frame

Paired-Problem Solving,

to

to help you plan.

"Polishing Stone"

Bug as aids.

thinking before

It

Whole

manual.

As

Checklist,

Use Talking to My Shadow,

In-Process to clarify

and as you write.

when you finish and record notes
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your

Use End of Process
in your journal that

might help you with your next writing assignment.
Choose

1*

one

of the

following topics or create your own.

Write an essay describing the culture, population,
setting and time and why the constitution your
group has written is appropriate.
Cover the
following questions:
What are the strong and weak points of your
constitution?
What impact will
peoples' lives?

this constitution have on these

Choose a point that seems weak or may create
conflict:
what are the pros and cons of including
this point?
2.

Write a skit which is set in a courtroom.
Contest
one point in the constitution as it applies to a
problem in someone's life in that culture.

3.

Write a short story demonstrating the impact of
your constitution on the culture you've chosen.
Use Map It to create the chart Who What When Why
Where.
See mini-units 2 and 4 for other helpful
strategies when writing a story.
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Mini-Unit 7
Lifestrpamg

Introduction
conflict

Students will discuss and write

in their own or a friend's

this process

students will become aware

action has a consequence
are

life.

about a

As part of

that each

and that alternative

actions

possible.

Gcals
1.

To consciously evaluate problems
using problem solving tools.

2.

To

in one's

life by

improve writing and thinking skills.

Implementation
Encourage
they and their
Pi 1 p.mma.

students to name
friends

has reading

face.

some of the problems

The

software program,

selections on Drugs,

Child Abuse

and Social Pressure.

springboard

for discussion of these

points to discuss might be
* What provokes most
* How can they be
* Once
the

tension has

the

Fighting,

Use Dilemma as a
topics.

Some

following:

fights you see

in school?

prevented?
risen,

what are

situation?
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some ways to handle

Use The
It

Knower to di scuss this topic.

to create

a

"Conflict Register Chart"

Use

Frame

that helps

clarify what events

led to a conflict,

Who Action, Response

Consequence Response

Use

to come up with alternatives to a

the Polya Model

conflict
into

that

small

solutions.

s being discussed.

groups,
Use

Have

the

a style

of writing:

playlet

that

forementioned

essay,

students break

Other

"Frame

It"

focus on,

news report,

students will use

discusesed.

Alternative

later coming together to discuss

After deciding on what conflict to

just

i.e.:

short

chart.
decide on
story,

to work with the

or

ideas

ideas might be:

- Write about a fight that was handled well and one
that was handled poorly.
- Write an essay convincing peers of a certain point of
view about fighting or a conflict.
- Write a children's story to help children see
alternatives when confronted with a conflict.
- Make your story into an adventure book using
the Storv Tree program or Logo Writer.
Add
illustrations with Logo Writer.
The goal of such a
book would be to expose the reader to different
alternative responses to conflict and to see the
consequences of behavior.
Ask students
topic
for
have

or piece

to develop and use a planner for each

of writing.

See mini-units 2 through 4

ideas of how to do this.
helpful

Polishing Stone

tools as Story Checker,
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Author

s

will also

Checklist,

and a chart of heuristics that correspond to

stages of the

Polya Model and a sample planner.

As conflicts arise
Model

and the

have

Polya

the deeper reasons behind the

and alternative actions.

been used

use the

suggested Conflict Register Chart as

tools to perceive
conflict

in the classroom,

in the classroom we have

When this method has
found that

students

generated solutions to ease tensions and start

fresh.

One

such solution was the creation of a

"friendship corner"
problems.

is only used for talking out

Students designed a rule

shake hands before
of the

which

that

students must

leaving the corner and made good use

corner.
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Mini-Unit R

Finding the Hero or

Heroine

in Ourselves

Introduction
A hero/ine

is studied.

Students express their

understanding through creative writing and drama.
Students

learn that

they carry similar qualities as the

hero/ine within themselves.

Goals
1.

Students will use the TACTICS process to understand
the life of a particular hero/ine.

2.

Students will see that they also have heroic
qualities within themselves that they can choose
express and call upon when needed.

to

Implementation

The purpose

of this unit

is to

acquaint

participants with a particular hero/ine's dilemmas
his/her
her

life

life.

and the historic climate

The

the

surrounding his/

end product of this unit will be a skit,

story or playlet that will
for

in

serve

as a cultivating tool

realisation that each participant has the

capacity to manifest

the

same virtues and qualities as

the hero/ine.
We have
different

age

followed variations of this approach with
groups.

Exposure
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to

the personal

dilemmas of hero/ines'
that

these

of us.

lives sparks the

same courageous qualities are

A study of the

a

feeling of

Creating

inner potential

improvisations and

in clarifying the hidden

fuel

each other

this mini-unit,
new qualities

in each participant.

issues and the use of drama

in this process.
we have

strengths brings

Creative writing helps

reticent writer.

Drama and writing
After experiencing

seen participants bring forth

in moments of conflict.

outline of a possible

in all

later a planned playlet or

story cements this experience.

inspires even the

latent

juxtaposition of a hero/ine's

weaknesses and fears with his or her
home

realization

Here

follows an

sequence of this type of study.

1. Short research assignment, researching hero/ines
(Refer to research techniques suggested in
Mini-Unit #5);
2.

Class presentations of

3.

Individual

students'

findings;

improvisations using the characters

presented;
4. Class picks a

specific hero/ine;

Student presentations of culture and the historical
climate surrounding the hero/ine's life (Students
use Planners, The Knower, Talking to My Shadow,
In-process, Whole-to—Parts in this process.

6.

Brainstorming/generating possible dilemmas the
hero/ine might have faced (Students use The Knower
and Frame-it.);

7.

Quality

and personality discussion,

and follow-up exercises;
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improvisation

8.

Creative writing idea session (Use Brainstorming,
Paired Problem Solving, Nutshelling, etc.
Refer to
Mini-Units #2 and #4 for details on how this might
be done.);

9.

Creative writing and sharing of writing, possibly
coupled with artistic representations (Students use
In—Process and End-of-process, plus suggestions in
Mini-Units #2 and #4. and in Polishing Stone):

10.

Further exploration of the personal
dilemmas of this time period;

11.

Dramatic improvisations
hero/ine's life;

12.

Creation of a skit, playlet or story
developed and used in the process;

13.

Possible creation of a micro-computer simulation or
adventure-style branching story that would cover
the hero/ine's personal life, historical
perspective, and culture of the time.
Possible
solutions and their consequences would be included.
This would be a teaching tool, as well as synthesis
of the factors studied.
The program Storv Tree can
be used to create branching stories or a
simulation;

14.

Possible creation of an adventure booklet that
would employ several paths that the hero/ine could
have taken.
This would provide practice in writing
as well as in the concept of branching, which is
used in developing programming skills;
Numbers 8

tapestry of
writing,
14

through

active

drama,

are possible

be

reserved

for

in

(Planners are

11 would be woven together

and discussion.

offshoots

a

surrounding events

in a

simulations using the media of

art,

they would require

and historical

a

Numbers 8 through

from the main unit.

longer preparation time

later computer unit.
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However,
and might

15'

stories could also be fictitious but incorporate
he true nature and qualities of the hero/ine.
Perhaps the setting could be modern times or in the
future with a historical figure as a central
character;

16.

An offshoot of this unit can be a focus on the
hero/ine inside each student.
Discuss and name the
heroic qualities inside each hero/ine and ask
students to reflect how they also demonstrate this
quality.
Give examples.
As students work with
these ideas suggest that they write a story about
themselves in a dilemma demonstrating a heroic
quality.
By the end of this mini-unit students
should see that hero/ines are people like
themselves that have demonstrated special qualities
which circumstances called forth in a public way.
Emphasize that we all have the choice to step
forward and act according to our deeper values or
let disturbing events pass us by without taking
actions.
Hero/ines decide to take action and to do
the best they can under the circumstances.
They
listen to an inner drive that leads them to action.
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mu vn
TEACHING PROBLEM SOLVING THROUGH (JSE OF SIMULATIONS
DESCRIPTION:
Teaching Problem Solving Through Use of
Simulations: A general procedure is described and
examples are given to demonstrate how the TACTICS
approach can deepen a student's understanding of
simulations.
SUBJECTS:
Science,

Social Studies,

Math,

Computers

ACADEMIC SKILLS:
Social Studies,
History

Oral Language, Math,

Science,

CRITICAL THINKING SKILLS:
Defining, Analyzing, Planning,
Synthesizing, Self-monitoring,

Questioning,
Revising

HEURISTICS EMPHASIZED:
Nutshelling, In-process, End-of-Process, Frame-It,
Talking to My Shadow, Whole to Parts, Paired
Problem Solving, The Sequencer, The Questioner, The
Knower
COMPUTER SKILLS:
Ability to

load a simulation into the computer

MATERIALS:
Appropriate simulations for work in
subject area
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Using tfhff Polya Model with Simulations
Introduction

A computer simulation is a piece of software that
simulates an event and allows the user to manipulate
specific variables.

Simulations offer an excellent

opportunity to teach problem solving skills while
studying specific subject matter.

The same crititical

thinking/problem solving skills that we emphasize

in

Logo or when writing are equally important when using
simulations.
be solved.

A simulation poses a problem that needs to
The Polya Model can offer a general

approach to a solution.

Students use the critical

thinking skills of defining,

questioning,

plannning,

analyzing and revising/monitoring while using TACTICS
strategies.
The first mini-unit presented is Geology In Action
which provides the student with the opportunity to play
with geological concepts by creating and evaluating
landforms.

It demonstrates in detail how TACTICS can

be used to focus students'

thinking and thus help them

deepen their understanding of a simulation.
simulation mini-units

Other

described in less detail.

Di Ronver is in a sense a science fiction experiment.
T.gmonade Stand and BiOVCie SIlQB follow, which deal
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with the fundamentals of retail Bales.

The

last is

QrgflQR Trail which depicts a trip out west during the
olden days by pioneers on the Oregon Trail and explores
of pioneer travel.

These are all mini-units

but we describe the Geology In Action in detail for the
sake of illustration.

Goals

1.

Students will use the four TACTICS tools when using
simulations.

2.

Students will see how these tools can help them to
clarify and organize their thinking and therefore
implement more effective plans.

3.

Students will improve their critical thinking and
problem solving skills as they learn from the given
simulation.

Implementation

There are many types of simulations.

The same

general format can be followed when introducing any
simulation,

making appropriate adjustments for the

particular subject matter and format of the software.
The format

is flexible and stresses similar skills when

working with any simulation.
be useful for the

1.

The following steps may

instructor.

Talk first about the general process involved in
solving problems.
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Based on the simulation title, have the students
guess the problem to be solved.
3.

Ask the students what they know about the subject
being simulated. (Use The Knower)

4.

Demonstrate the simulation, discussing the program
as the group works.
Ask students to look for the
big problem to be solved and the accompanying small
ones.

5.

Ask students to define the problem.

6.

Use the Whole to Parts technique, asking the
students to break the big problem into
sub-problems. Make a list on the blackboard.
Ask
students how the sub-problems relate.
Make an idea
web to demonstrate their relationships. (Frame-It)

7.

Use The Knower technique with the class to explore
what students know about the subject.
As needed
ask students to research related questions that
they cannot answer.

8.

Create a mini- reference manual for the students to
record the relevant information they researched.
A
student-made mini-reference manual might inlcude:

(Nutshelling)

- Definition of the problem
- Heuristic Bank
- Planners using the Polya Model and suggestions
for heuristics.
- Helpful charts.

(The Knower,

Frame It)

- Journal Notes from observations and from using
In-Process, End-Of-Process, Paired-Problem
Solving, Talking to My Shadow, Frame-It, etc.
This manual will be a resource to students whenever
they use the simulation.
9. Ask students to redefine the problem in preparation
of formulating a well thought out plan.

10.

Review or teach the Polya Model.
Refer to the
writing or Logo Reference Manuals for suggestions
of heuristics to use for each step.
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a.
b.

Define the problem.
Make a plan.

cd.

Try the plan and revise accordingly,
Solve the problem and review.

11.

Discuss the problem presented in the simulation,
using the Polya Model as a means of approach.

12.

Make a list of the kinds of questions students ask
in the course of using the simulation.
(The
Questioner).
Use The Knower to clarify what
information is lacking.

13.

Make a plan with the students and discuss
contingencies.
a) You may want students to work in
small groups; ask each group to name the main
problem, the sub-problems and how they relate, and
devise a plan to approach the simulation.
(Whole
to Parts, The Sequencer)
b) Discuss and compare
different groups plans, or ask a particular group
to lead a session of the simulation.
c) Discuss
the approach used at the end of each class.
Use
In-Process or Paired Problem Solving to help
students focus on their own thought process, d) Use
the End-of-process heuristic at the end of each
class. (The Sequencer, Frame It, Checklist, or
Journal Notes may be helpful)

14.

After using the simulation at least once, ask
students to make a planner that will help them
learn from previous times they have used the
simulation.

15.

At

the

end of each class,

make

a plan for the next

class.
16.

At the beginning of the each class,
current plan and revise it.

17.

Discuss what kind of record keeping sheet would be
helpful to record data or ask students to create a
record keeping sheet that can be used with the
simulation. (Frame It)
This can be done as a group
process or a small group homework assignment.
Ask
students to include their records in their
mini-reference manual. (Journal Notes)
Mention
that this manual is now a tool they can use to make
hypotheses and record observations. (Frame It,
Sources)
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discuss the

18.

Help students develop questions that will help them
clarify their thinking about the problem.
Have
students make a
list of these questions for future
reference. (The Questioner)

19.

Ask students what common bugs in thinking keep
getting them bogged down in the simulation.
Ask
them to keep a list.
Most often the bugs have to
do with relationships between sub-problems. (Bug
the Bugs)

20.

After playing the simulation one or more times,
students should have developed a list of bugs in
thinking, questions to refer to, record keeping
sheets, a list of sub-problems and more knowledge
about the theme.

21.

As students work with the simulation, have them
reflect on what strategies help them the most and
what exact information they are seeking with the
action just taken.
(Paired-Problem Solving and
In-Process can help students focus in these areas.)

22.

If students have studied Logo or have used the
writing process, ask them to relate the problem
solving process in Logo to that when using
simulations.

23. Encourage students to do creative writing on the
theme of the simulation.
24. When appropriate, ask students to do some
interviewing or report writing on the theme.
Ask
them in what ways they can gather information on
the theme.
Whenever possible relate the simulation
to classroom studies.
Draw from students what
fascinates them about the theme. (See Writing Unit
for ideas on using the Polya Model and writing.)
Suggested

simulations:

A sampling of titles follows;
other titles are
also available
Planetary Construction

Oregon Trail

Set
Lemonade
Bicycle

Stand
Home Energy Savings

Shop

Electric Bill

Oh Deer
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The Pond

Memory Castle (not
quite a simulation)

Voyage of the Mimi
The Other

Side

Solutions Unlimited

Polls and Politics
simulation)

(modified

Heredity Dogs
Plato's Cave

Cats

(for older students)

Decisions Series by
Tom Snyder

Operation Frog
Gorillas
Factory
Discover
Geology
Many more

The

fine

titles!!!

following mini-units utilize the TACTICS model

to help students make better use of the
Included are

some

sample

simulations.

record keeping sheets.
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Evaluation Tool

1.

What

is the purpose of the

2.

What

is the problem to be

3.

What

are

4.

What

information

simulation?
solved?

the parts of the problem?
is

important

in order to

solve

the

problem?
5.

What are

some new things you

learned about the

subject?
6.

Which heuristics did you find helpful
do

the

simulation successfully?

7.

Which ones did not work?

8.

What

Why?

Why?

approach would you recommend using when

running the
9.

in order to

simulation?

For what other kinds of simulations would this
approach be useful?

10.

What new aspect did you

learn about problem

solving?
11.

Is there
would

information that

like

to

is new to you that you

share with a friend?

it?
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If so,

what

is

Mini-Unit

1

Geology In Action

Simulation:

Introduction

In this program,
able

1987),

students are

to watch and experiment with millions of years of

geological history
in nature
years.
The

(HRM Company,

over perids of hundreds or thousands of

The

first

including evente that would happen

program is divided into three

section has two tutorials.

sections.

In the Experiment

Section of this program students can create
landscapes.
types,

They can manipulate,

create volcanos,

faults or

fold rocks.

illustrate
the

place

erode rocks,

and select rock

and creating

This section can also be used to

a geological process through animation.

Puzzles

Section,

landscape.

The

ten puzzles given

from simple

to complex.

geological puzzles

the

Puzzle

in the

Section.

in the program range

students to solve

Section and save these

through

for use

in

Curriculum suggestions are offered

software manual

formations

a specific

Students can also create

for other

Experiment

In

students will be asked to decipher

which natural processes occurred to create

using the

their own

that

and students'

relate

experience

them.

451

the program to real
in deciphering

Students will:

1*

Identify types of rocks present on the screen.

2.

Determine if the rocks have undergone folding,
faulting or other changes as well as the correct
sequence of these processes.

3.

Use the four TACTICS tools to aid them when using
this simulation.

4.

Develop metacognition and other problem solving
skills as they consciously apply strategies and
evaluate their use.

Implementation
1.

Discuss geological formations with students in the
context of their current studies.

2.

As a group generate questions that are
about the subject (The Questioner).

3.

As a group, use The Knower.
Use this process to
assess what students know already and to spark
interest in exploring the subject further.

4.

Introduce the simulation and briefly demonstrate
how to use the three sections.
Be sure to show the
connection between the Experiment and Puzzles
Sections.
Discuss the different ways the
simulation can be used to explore, to solve
puzzles, to make puzzles for other students and to
create an animated demonstration of a particular
geological event.

5.

As the software manual suggests, create three
dimensional clay models of landscapes to help make
geological concepts more concrete.

6.

After students choose a problem to solve, have them
define the problem using Nutshelling, Whole to
Parts and The Knower.
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intriguing

7.

Initiate the creation of a mini-reference manual.
As a group generate a list of items to be included.
They might include:
- Glossary for terminology.
- Heuristic Bank including summary of the Polya
Model and heuristics.
- A section for Journal Notes that would include
observations of cause and effect.
All In-Process
and End-Of-Process notes should be included here
also.
Students might also want to include record
keeping charts that they have created using Frame
It.
An example of a chart will be given later.
- A section for student-made planners for this
particular task using the Polya Model as the
basic structure.

8.

Create a reference manual with students.
Use the
Polya Model to plan and execute the task. (See
writing mini-unit 1 for ideas of how to go about
the task of creating a manual together)

9.

Encourage students to create
following:

log sheets such as the

Sample Record Keeping Chart for Experiments
Action Observation Cause/ Theories Developed

Effect
10. As a group create a sample planner for each of the
following tasks:
explore and record observations,
create a puzzle, solve a puzzle, create an animated
demonstration of a concept.
Have students specify
which heuristics they plan to use.
Include
planners in student-made reference manuals. (An
example of a planner is given on the next page)

Sample Planner to Create Puzzles
1.

Define problem:
(Nutshelling).

describe desired end formation
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2. Make a plan:
a. What are the parts of the
creating?

landscape that need

b. List hypothesized steps to get there
Parts).

3.

(Whole to

c.

Use The Knower to determine what information is
needed.

d.

List bugs to work out.

e.

Determine what information is needed or needs
verifying and the actual steps to get there and
decide how to find out.

f.

Develop a sequence of actions

g.

Develop a checklist or a list of questions (The
Questioner) to ensure that the goal 1b met.

h.

Record actual steps taken so geological
formations can be duplicated.

(The Sequencer).

Try the plan:
Follow the steps of the plan and re-evaluate as
the plan is executed.
Use In-Process,
Talking
to My Shadow, Paired Problem Solving, Journal
Notes, Frame It, The Sequencer, and Sources as
needed.

4.

Solve and Review
Go back to steps 2 and 3 as needed.
Use
checklist to determine whether all essential
criteria has been met to meet the goal.
Use
End-of-Process, Journal Notes and Frame It, to
record final observations, new information and
tips for the next time the simulation is used.

5.

As students use the simulation to solve the puzzle.
Have them discuss the process, what they've learned
and note what strategies they've used.
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Mini-Unit 2

Simulation;—Discover

- A Science Experiment

Introduction

Discover,
Company,

1986),

a. simulation software program (Sunburst
is designed to encourage thoughtful

uses of scientific methods of discovery and to
encourage problem solving through exploration.

By

giving students thinking tools (such as the Polya
Model),

planners,

Whole to Parts,

and heuristics such as Nutshelling,

Journal Notes,

Frame-It,

In-Process,

and End-Of-Process students are provided with the means
to consciously think through the process of determining
the characteristics of fictional creatures that inhabit
other planets.

The objective of the simulation is to

keep as many types of creatures alive as possible.

In

the process of the simulation students derive certain
facts from the animated visual presentation.
object

The

is to determine what are the physical and

behavioral needs of the creatures.

In order to do

this,

one must make hypotheses and test them regarding

food,

environmental,

physical,
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behavioral needs.

Goals

1*

To practice note taking,
collection techniques;

observation and data

2.

To test

3.

To apply the Polya model as a means of organizing
an approach to the problem and clarify thinking;

4.

To pratice heuristics such as Nutshelling,
Whole-to-Parts, Journal Notes, Frame-It,
In-Process, and End-Of-Process

and formulate hypotheses;

Implementation

The
to

Discover

assess

manual outlines an effective process

"creatures'"

devoted to

free

behaviors and needs.

exploration.

Day 2 to more

Day

1

is

systematic

exploration and Days 3 through 5 are devoted to keeping
as many creatures
possible.

(of the eight provided)

Examples of

log sheets are provided

Discovery manual

to help track students'

They

events and conditions;

focus on

1)

and conditions;

and 3)

alive

summary of

ideas.

specific

strategies.

in the

explorations.
2)

behaviors
The manual

does a good job of giving students guidance
proceeding with the

as

in

simulation yet does not provide
This unit provides a good example

of how TACTICS can enrich the process of using a
simulation and also encourage

students to apply

previously

learned heuristics

in a new context.

Strategies

like The

Knower,

The
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Sequencer and Frame

It

would help clarify thoughts and maximize

the benefits

of using such

is a poeeible

log sheets.

The

following

sequence of using TACTICS with PiscnvRr.

^

Step One of the

Polya Model:

Define

the

Problem.
Use Nutshelling, Brainstorming and The Questioner
to stimulate students'explorations.

Pay 2

step TWO of the

Polya Model;

Begin to design a more

Make

a Plan.

systematic exploration.

-

Review the problem and determine the parts of the
problem.
(Nutshelling, Whole to Parts).

-

Use The Knower to organize present thoughts
referring to the log sheets from Day 1.
Develop a list of questions to answer (The
Questioner) select the most pertinent questions,
determine the means to answer each one (The
Sequencer) and create a format to record the
findings (Frame It, Journal Notes).

After
Dav 2

Step Three

of the Polya Model;

Try

the Plan.

Use "snapshots’* (visual record of the experiment),
log sheets, and make other charts like The Knower
or other graphic representations (Frame It).
Examples might be:
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Knowledge About Creature
What
Creature

I

Know

Think I

Know

1

Need To

Know

1

Food
9

Poisons
Barriers
Interactions
Metabolism
Trace Command
Sensitivity
Biological
Clocks
Trace
Command's
Findings
(Note that students should generate the factors they
think should be included in the left hand column.)

The next two charts are
the

adapted from charts provided

software manual.
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in

Food
Creature 1
Blue
Food

Red
Food

Yellow Green
Food
Food

Surrounding SensiAtmosphere
tivity

8:30
9:00
9:30
10:00
10:30
11:00
11:30
12:00
12:30
1:00
1:30
2:00
2:30
3:00
3:30
4:00
4:30
5:00

Extract from this log information concerning food
preference, type of preferred food and feeding times.
Also note surrounding circumstances which might include
the effect of the creatures frustrations or the
presence of other creatures.
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Interactions Between Creatures
Use this chart to record the effect of each creature's
presence on another creature
Creatures

12345678

1
2
3
4
5
6
7
8

a) a scale of 1 to 10 for like or dislike or
Use codes such as:

+++ = seek company of other
creature
++ = o.k.
+ = tolerate
- = avoid
— = danger

During this process, the following strategies may
be applied: The Knower, Journal Notes, Frame It,
Bug the Bugs, In-Process, Talking To My Shadow,
Paired-Problem Solving.
At any point
Brainstorming, The Questioner, and The Sequencer
might be employed again as new plans are made and
evaluated.
Students might discuss which charts and
log sheets are the most helpful and include them as
part of a reference manual for this simulation.
Create a student-made reference manual with the
class.
See the writing mini-unit 1 for ideas on
how to implement this process as a classroom
project.
This reference manual might be quite
short having the following components:
Page 1:

Definition of the problem.

Page 2:

Parts or factors to consider.
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Page

3:

Heuristc Bank - possible helpful
heuristics.

Page

4:

Planners (Have students create their own
planners that reflects the above steps with
reminders of helpful heuristics).

Page

5:

Journal Notes including log sheets or
charts (Frame It), observations and results
of In-Process, End-of-Process notes and
ideas on what to try next time.

Page

6:

List of bugs.

Page 7:

List of questions.

Page

Other Comments.

8:

During the problem solving proccess the following
points are emphasized as part of the scientific
method of discovery:
-

One learns from well-designed experiments,
whether or not the results support the initial
hypothesis.
One gains knowledge from formulating a
hypothesis and testing systematically.
Discussion is fruitful and an important part of
interactions in scientific communication.

—

st.p.p 4

Any hypothesis considered valid must hold up to
scrutiny with supporting proof offered.
of the Polva Model:

Have

Solve

and Review

each group of students submit their final

hypothesis

about

each creature which cover the

facts derived from the
poison,

likes and dislikes,

of each hypothesis.
back to

simulation about etc.

Ask for evidence

If necessary have

step 2 of the Polya Model

plan to clarify any confusion.
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food,

students go

and make another

When students have

come

to an agreement about the nature

and needs of

each creature by presenting supporting evidence,
then have each student use the End-of-Process
technique
group.
on

in pairs and review the process as a

Ask students to record their journal notes

ideas for approaching a similar simulation next

time.

Other Related Activities

Writing - write

a story about the creatures

in Discover

which reflects the characteristics and needs
of each creature.
the writing unit

Refer to the mini-units

in

for suggestions of how to

approach writing a story.

Logo

-

Create

several

graphic representations of the

habitats of the creatures
text

Science

-

in Discover.

Add

for a story as desired.

Study the

atmosphere of a specific planet and

create hypothetical creatures that could
adapt easily to the physical conditions of
the

planet.

about

Write

and

these creatures'

planet.
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illustrate

a story

lives on the

selected

Mini-Unit 3

Simulations: Lemonade

Stand and Bicycle

Shop

Introduction

The purpose of Lemonade
(MECC,

1986)

is to provide

Stand and Bicycle

students with a

Shop

forum for

exploring basic business concepts and the underlying
math concepts needed to

figure out profit,

inventory and maintenance etc.
are

on the

model with

same MECC disc.

These

Lemonade

cost of

two

simulations

Stand

is a simpler

less factors to consider than Bicycle

Shop.

Goals
1.

Students will practice math concepts
of managing a business.

in the context

2.

Students will learn about the business concepts of
profit, inventory and cost and determine which math
operations to use to calculate the needed
information.

3.

Students will

try to run a successful

stand or bicycle

lemonade

shop.

4.

Students will learn to use TACTICS to
effectiveness as problem solvers.

5.

Student will

improve

their

strengthen their critical thinking

skills.
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Implementation of Lemonade
Define

stand

and BicvriR

shoo

the Problem

1-

Introduce and demonstrate the program.
Define the
problem and sub-problems as a group (Nutshelling
and Whole to Parts).

2-

Talk about business and the goal of business.

3.

Students need to determine the math formulas
needed to solve the problem of how to make the most
profit.
Do this as a group process and have the
students take notes.
Three word problems are
embedded in the playing of this simulation.

4.

Initially, encourage the students to play with the
simulation, trying to discuss a systematic
approach.

Make

a Plan
1.

As a group, discuss the definition of the
problem again and define the sub-problems.
(Whole to Parts)
Use The Knower to discuss
what they've learned from the simulation about
making a profit in business.

2.

In small groups, have students make a plan of
action and present their ideas to the group.

3.

Have students create a planner.
They may wish
to incorporate the following heuristics into
each step.
a.

Define

the Problem

Nutshelling,
b.

Make

Whole to Parts.

a Plan

The Knower, The Questioner, Whole To
Parts, Frame It, The Sequencer.
c.

Trv the Plan
In-Process, Paired-Problem Solving,
Talking To My Shadow, Checklist, Bug the
Bugs, Journal Notes, Sources (Reference
Manual).
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d.

Solve

and Review

Checklist, Bug The Bugs,
Journal Notes.

End-Of-Process,

5.

Divide into groups and run the simulation.
Discuss
the results of each round.
Periodically, the
groups appoint new leaders.
It is the leader's
responsibility to note each member's opinion, lead
discussions and come to a decision as a group.

6.

After they have played with the simulation awhile
and are still unclear about the cause-and-effeet of
their decisions talk about the benefits of taking
notes.
Help them create record-keeping worksheets.
They may want to include reminders of the math
formulas that will help them solve the problem.
Have them record the formulas and notes in their
Journal Notes (This is a nice way to touch ground
with the concept of variables).

7.

Emphasize the skill of reading and making charts,
making sure that they use the available information
to make their next decisions.

8.

Ask students to review their thinking during and at
the end of each class, (In-Process and End of
Process) recording their ideas on how to do better
in their journal (Journal Notes).
Discuss what
strategies were most helpful.

9.

Redefine the problem and sub-problems at the
beginning of each class. (Nutshelling)

10.

At the beginning of each class, discuss and refer
to a student-made list of sub-problems and the main
problem.
(Whole to Parts)

11.

As part of a group process, make a list of bugs in
thinking and important facts to remember when
playing.
Talk about the consequence of some of the
decisions students have made and what they might
want

12.

to

try next

time.

Have students make a mini-reference manual that
they can use when playing Lemonade Stand or
Rirvnlft Shop.
Include the points suggested in the
implementation section (#8) of the
introduction to
this unit on simulations.
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13.

At the end of each class review and discuss
discoveries and record the information displayed
the last round.
You can give the computer the
information when you play next, and proceed from
the last round.

in

14.

Use the opportunity to teach computer literacy,
(computer parts, input and output, care of discs,
capabilities of computers, the computer as a
calculator and tool, etc.)

15.

As students use the simulations, ask them what
questions might help them think more clearly.
(The
teacher usually needs to model this questioning for
a few classes, before asking students to do this by
themselves. (The Questioner)

16.

Discuss and refer to the importance of defining a
problem, using the Polya Model and heuristics
during each class.
Students tend to get wrapped up
in the excitement of the simulation rather than the
means to solve the problem, unless they focus on
the definition of the problem, helpful strategies
and consequences of their actions.

Solve

and Review
At the

evaluate
steps.

end of each session the

their progress as

listed

in the previous

End-of-Process and Journal Notes are helpful

strategies

for

progress.

They may wish to use

chart

students should

to

students to keep track of their
Frame

It to create

a

track their progress with each run of the

simulation.

17. Ask students to write a story about a lemonade
stand or bicycle shop.
Ask students to brainstorm
events that might occur during a day there.
Refer
to the writing mini-units 2 through 4 for ideas of
how to encourage students to use TACTICS when
writing.
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Mini-Unit 4

Simulation;

Oregon Trail

Introduction

Oregon Trail
depicting the
west

(MECC,

1987)

is a computer simulation

trials and tribulations of traveling out

along the Oregon Trail during pioneer days.

The

simulation features a map of the United States with
some

topographical highlights.

what provisions to bring
etc.),

when to

(food,

stock up at

Students must decide
money,

ammunition,

forts and how to handle

the

many dangers confronting them during their trip.

1.

Through manipulating many variables students will
determine a wise course of action to help them
towards their goal of traveling out west.

2.

Through using TACTICS students will consciously
work through different theories of how to best
arrive at their destination.

3.

Students will strengthen their Critical Thinking
and Problem Solving skills as they use Oregon
Trail.

Implementation
1.

Tell a story about the Oregon Trail.
Use maps of
the United States to give perspective.
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2.

Discuss the history of the time and relate it to
any classroom curriculum you can.
It may be
appropriate for students to do reports on specific
aspects of pioneer life or traveling on the Oregon

3.

Run the simulation and enjoy! Encourage discussions
of cause-and effect and slowly bring in the idea of
planning.

4.

Experiment with the students by planning with them
before the next "trip on the Oregon Trail", and
then don t plan the next time.
Then discuee the
effect of planning and taking notes.

5.

Talk about the limitations of the simulation and
how they would change it.
If they created a
simulation on the Oregon Trail, what would it be
like?
Bring in the concept of programming and all
the parts the programmer would have to consider.

6.

It is an easy to use, versatile simulation and a
good way of teaching computer literacy and history.
Use this opportunity to also teach problem solving.

7.

After the students have run Oregon Trail several
times, talk about the sub-problems that are part of
the bigger problem.
Ask about the relationships
between the sub-problems.

Examples:
Define the problem that we are trying to solve.
(We are trying to survive the trip across the
country.
We must make decisions based on good
judgement in order to make it across.)
Define

the

sub-problems:

(list and discuss)

Oxen $
Food $
Clothing $
Medicine

$

Miscellaneous

supplies $

Ammunition $
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Sample Logo Exercise Worksheets

The

following exercises

D_is.coveries,
Mini-unit

They are

are

from the book Logo

referred to

3.
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in the

Logo

Discussion

Qf the Resource Book and Curriculum

Design of Resource Book

This resource book/curriculum was written
to

in order

familiarize teachers with the TACTICS approach and

its application

in the computer classroom.

framework enables the

instructor to teach critical

thinking and problem solving
a way that helps

The TACTICS

in a computer classroom in

students build on the critical

thinking skills recently acquired regardless of the
content

focus.

reflects two
TACTICS and

The

goals:

format of the
first,

to acquaint teachers with

its underlying principles and

implementation and secondly,
examples of the ways
This

resource book

to provide prototype

in which TACTICS can be used.

format was chosen so that teachers would have

information to
areas and at
Because

apply the TACTICS framework to their own

the

same time have examples for reference.

each mini-unit has a different

process,

planning or

exposure

to different

strategies,

For example,

mini-units are

detailed,

quite

focus,

the reader

whether

is given

aspects of using TACTICS

computer classroom.

strategies,

the

some of the

focusing

then on the Polya Model,

reference manuals and planners.
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in the
Logo

first on

or on the use of

Each of the writing

units also
The

focuses on atleast one of these

aspects.

simulation mini-units focus on how the TACTICS

approach can maximize the benefit of using a
simulation.

Evolution of the Curriculum

Aspects of this curriclum were used
different

settings and evolved over time.

principles outlined
informally piloted
through six,
development

in Units

1 through 4 were

grades one

of the TACTICS framework and curriculum.

in many

the

subject

thinking skills were not yet
same

group of strategies were

areas and progressively emphasized

grades by a team of teachers.

Initially

metacognition was not consciously stressed.
emphasis did eventually evolve
same

first

and represented an early stage of

assigned names but

through the

The

in non-computer classes,

Strategies and critical

used

in many

This

as students applied the

strategies repeatedly and discussed their

impact.

The benefits of this emphasis became clear as students
independently discussed and employed strategies.
approach was

successful

gifted students all

in the

the

showed greater

slower,

average

initiative

The
and

in

approaching problems and spontaneously applied
strategies.

A

later version of the TACTICS
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framework

was then

informally piloted by us

in several

computer

classes and evolved further during this time.

We

applied a process approach to writing with a word
processor and when problem solving with Logo,
the use of planner,
notes.

The

specific strattegies,

strategies of

Paired Problem Solving,
and Frame

It were

yet unnamed.
of

In-process,

Nutshelling,

through

and journal

End-of-Process,
Whole

to Parts,

frequently used though they were

as

These pilots were conducted with groups

fifth and sixth graders

in Amherst,

Massachusetts,

and with gifted students grades six through eight

in a

special program at Greenfield Community College.
Students responded well to

the use of strategies and

planners and seemed better able and willing to
morre

complex tasks.

noted

improvement

approach

In some cases classroom teachers

in students'

writing ability,

particularly amoung students who had writing problems.
In the

computer classroom,

we noticed gains amoung

students

in the

ability to persevere

and find a

solution

for a Logo problem and organize

thoughts and

text when writing.
As we

further

studied the

solving and critical
previous
general
use

thinking and evaluated the

informal pilots,
approach

like

fields of problem

it became

clear that a

the Polya Model might make the

of planners and strategies more
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effective.

It

seemed that

labeling the strateiges as they were used

would promote metacognition and encourage students to
aploy them in the future.

Also, we noticed that the

lack of good reference material often presented a
barrier for students proceeding effectively with
solving a problem.

In the next pilot,

these elements

were addressed by specifically teaching the Polya
Model,

labeling strategies,

creating reference manuals

and stressing taking notes in a journal.
skills were stressed continually.

Metacognitive

The use of planners

were further refined.
The TACTICS framework evolved into its current
form after further reading of the research literature
on critical thinking,

problem solving,

Logo, writing

and the use of simulations and evalutating previous
pilots.

Areas of intersection between content areas

were analyzed as described in Chapter Three.

During

the next two years in an inner city computer bilingual
and English mainstream classroom in Holyoke,
Massachusetts,
cities,

and other computer workshops in other

we stressed the way in which the Polya Model

might provide a clearer focus for students to organise
their thoughts.

We taught students to consciously

label and apply specific strategies during each step of
the process.

Metacognition was continually emphasized

in the context of using and discussing the four TACTICS
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tools.

Fifth and sixth graders were

involved in this

pilot, with sixth graders having more substantial
computer time

(twice a week for forty five minutes).

We worked with Logo, writing with a word processor and
with simlulations.

Within this population there waB a

wide range of abilities and different learning styles.
The TACTICS approach accommodated the range of
abilities.

Students were able to plug into the process

at whatever level was most appropriate for them.
Students who had been previously labeled as slow
learners found the Polya Model,

Planners and the ten

heuristics stressed in Unit Three especially helpful.
Other students expanded their repertoire of heuristics
and found planner such as Logo Planner #4 to be
invaluable aids to approach more complex projects than
they would have chosen earlier.

Likewise,

students'

writing showed more complexity of thoughts and better
organization as they used the four TACTICS tools and
became accustomed to using specific strategies at each
step of the writing process.

They especially benefited

from having the help of peers as readers and
interviewers.

Applying the TACTICS approach when

working with simulations gave students and entirely
different experience form their previous experience
with simulations.

Tiral and error problem solving

became a conscious process where the main problem and
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related sub-problems were evaluated.
were made
were

and record keeping through charts or journals

important ways for the

thoughts and evaluate
simulations are done
being

Conscious plans

students to track their

their actions.
as a group,

Since many

students took turns

leaders and modeled how to approach a problem by

using specific heuristics.

Paired-problem solving,

In—Process and End-of-Process strategies became part of
the

daily routine

and reinforced metacognitive

Student assistants thrived on being the experts
using a heuristic,
own knowledge

skills.
in

Logo or writing concept and their

seemed to deepen as they taught others.

Students'

self-esteem seemed to

confident

in the new approaches and their ability to

solve

as they felt

problems and help others.
A range

that

increase

of heuristics

(from the Heuristic Bank)

complemented many types of

learning styles was

stressed and was coupled with the
Polya Model,

which allows one to

globally and

locally.

styles and at

different

look at a problem

Students with different
levels were

heuristics that worked best
Whenever possible,

flexibility of the

we

learning

able to choose

the

for them.
involved other classroom

teachers by relating material to the current curriculum
under

focus

in their classrooms.

aspects of TACTICS

Some

in their classroom,
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teachers used
while others

suggested curriculum units that we might work on
Jointly

writing topics

creating of reports,
west

or relating to

in pioneer times.

Over time,

framework was refined to
evaluating the
needs.

like My Dream or Bigfoot,
the passage

the

out

the TACTICS

its current

format by

informal pilots and assessing student

We narrowed the

focus of the

framework adding

or deleting heuristics as deemed useful.

Classroom

teachers who wished to participate using TACTICS used
some

of the

with the

approaches

in their classes

in conjunction

efforts of other computer teachers who

started using this model.

also

The TACTICS Model was

officially adopted as the core of the Holyoke Public
School
seven.
Mimi,

Computer Curriculum for grades
The writing mini-units,
The

Constitution,

and were

Bigfoot,

examples of

workshops using TACTICS
in school

approach

and

some

stories or wishes

in a range

systems and at conferences.

of
We

and motivated to trying

in their classroom.

teachers have

inservice

in the classroom

found teachers receptive

the

lessons that we

in the computer classroom.

We have presented eight teacher

have

The

from non-computer classroom curriculum

linked to work

settings —

My Dream,

Lifestreams and some of the

simulation mini-units are
evolved directly

four through

Feedback was postuve

reported back with success

for more

ideas.
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Unfortunately the

inservices were
possible.

short,

without sufficient

Because of the nature

of the

follow-up

inservices,

focused mainly on the ten heuristics citied
as the

ones most easily applied.

classrooms,

we

in Unit 3

In our own

we expanded further by presenting other

heuristics when needed and reemphasized them
periodically.
level,
most

According to ability and concentration

students would tend to use the heuristics that

fitted their needs.

At the

same

encouraged to try others and write
themselves to do

time,

they were

reminders to

so on their planners.

Advantages of the TACTICS Model

The TACTICS model has many advantages over
commercially available packaged materials
flexible

enough to be used

It

independent
global

also

TACTICS'

slow to

accomodated field dependent and field

guided or a

a question.

tools work well

local

and more

The Polya Model
for both.

By

students and teachers can use TACTICS

Because

independent

and other

its nature,
in many settings,

rather than having to use different texts
setting.

is

students who respectively do best with a

and more

approach to

it

in a range of subject areas

and with a range of types of students —
gifted.

in that

for each

the TACTICS approach can be easily be

477

adapted to non-computer use,

it

leaves open the

possibility of a network of teachers across subject
areas and grade

levels using the

same

approach,

thus

maximizing the opportunity for students to master this
approach and use

it

independently.

478

APPENDIX

(

The

following exercises are

discoveries.
Mini-unit

B

V J

from the book Loco

They are referred to

3.

479

in the

Logo

480

Activity 7t

Discovering Designs

431

create
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